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ABSTRACT = • 

- This, is the last pamphlet in a series of nine ^ 

discussing the Apollo-Soyuz mission and experiments. This set is 
designed as a curriculum supplement for secondary and college 
teachers, supervisors, curriculum spiscialists, textbook writers, and 
the general public* These booklets provide sources of ideas, exaaples 
of the scientific method, references to standard textbooks, and 
descriptions of space experiments. There are numerous iirustrations, 
as well as guestions for discussion (with answers) and a glossary of 
terms. This last booklet describes the Apollo-Soyuz Mission, the 
spacecraft, astronomy experiments, gebsciencs" experiments, biology 
experiments, and materials experiments performed on the mission. 
(BA) ■ . • ■ 
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Preface 



The ApoUo-Soyuz Test Project (ASTP), which flew in July 1975, aroused 
' considerable public interest; first, because the space rivals of the late 1950's 
and i960' s were working together in a joint endeavor, and second, because 
their muUial efforts included developing a space rescue system. The ASTP 
also inclijded significant t;cientific .ex^riments. the results of which can be 
used ih.teaching biology, physics, and mathematics in schools and colleges. 

This series of pamphlets discussing the Apollb-Soyuz mission and experi-. 
ments is a set of curriculum supplements designed for teachers, supervisors, 
curriculum specialists, and textbook writers as well as forthe general public. 
Neither textbooks nor courses 'of study, these pamphlets are. intended to 
provide a rich source of ideas, examples of the scientific method, pertinent 
references to standard textbooks, and clear descriptions Of space experiments. 
In a senseVthey may be regarded as a pioneering form of teaching aid. Seldom 
has there been such a fonhright effort to piDvide, directly to teachers, 
currtculum-relevant reports of current scientific research. High school 
teachers who reviewed the texts suggested that advanced studem 
interested might be as^^^^ pamphlet and report on it to the rest 

of the class. After class discussiojj^ students might be assigned (without 
access to the pamphlet) one or more of the "Questions for Discussion" for 
..: formal or informal answers, thus stressing the application of what was , 
previously covered in the pamphlets. - 
The authors of these pamphlets are Dr. Lou Williams Page, a geologist, and 
xl^. Thoriiton Page, an astronomer. Both have taught science at several 
^universities and have published 14 books on science f6r schools, colleges, and 
. the general reader, including a rtfcent*ibne on space science. 

Technical assistance to the Pages Was provided by the Apollo-Soy uz 
Program Scientist,; Dr. R. Thomas^Giuli, and by .Richard R. Baldwin, 
: W..Wils6n Lauderdale, and Susan N.: Montgomery, members of the group at 
the NASA Lyndon B. Johnson Space Center in Houston which organized the 
scientists ■ participation in the ASTP and published their reports of expetimen- 

■ tal results./'-. 7 r v'/.;- ^-..r ■^[- ■ y^^^--/. : 

Selected teachers from high schools and universities throughout the United 
. Stabs reviewed the paniphlets in :dr5t!foiTO.. they suggested ^c ir. 
V ^ wording, the addition of a, glossary' of terms unfamiliar to students, arid 
. iniproyements in diagrams. A list bf the teachers and of the scientific inves- 
. tigators-who revie for accuracy follows this Preface. 

, ... This set of Apollo.-Soyui pamphlets was initiated and coordinated by Dr. 
Frederick B Tuttle, Director of Educational Programs, and Was supported by 

■ the NASA Apollo-Soyuz Program Office, by. Leland J. Casey, Aerospace 
- Engineer for ASTP,- and by -William D. Nixon, Educational Programs 
" • ^ ^bfficbrrall of fsIASA Heaiiquafteirs in'W ' 



Appreciation is expressed to the scientific iovestigaiors and teachers who 
_ reviewed the draft copies; to the NASA specialists who provided diagrams 

and photographs;-and to jf, K, Holconab,jj te_adquarters Director of A STP. 
: operations, and Chester M. Lee, ASTP Program DirectoraFHead^ 

whose inter est in this educational endeavor-made^this publication-possible^ — 
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Figure 1.1 Apotlp-Sbyuz crewmen Donald K. Slayton, Thomas P. Stafford, Vance D. 
* Branq/Alekaey A. Leonov, and Valerly N. Kubaaov. ^ 
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: ; = : V ; Jxi July^l975, for the first time/ manned sp launched by two 

: - ; nation^ spacecraft were in orbit 222 

■ C;; . .kilbmeters above the^ E^^ two-man Sbyuz: vehicle .was 

; ' . '. iauhched first, at 2:20 p.m: Moscow time on July 15 from the giant Baykonur . 
ili Cosmodrome neajr Tyuratam in central Russia, Seven and one-half hours later 
at 2:50 p.m. eastern daylight time, the threerman Apollo vehicle was 
- launched from the N ASA John F. K6^^^^ 
\ ' Florida. After making some careiful changes in their orbit, the Apollo as- 
\ tronauts maneuvered close to Soyuz and the two spacecraft docked at 16:09 
• -'v Greenwich mean time on July I?. This was 4:09'p.m. in Greenwich, near. 
> London, England. Greenwich^ mean time (GMT) was used ta avoid confusion 
, between Mroscow\ime, eastem'daylight time, and the central daylight time, 
used in Houston, Texas, where the Apollo Mission Control Center was 
' located. Moscow tiAe is 2 hourp ahead of GMT, and central daylight time is 5 
hours behind GMT. So 16:09 GMT was 6:09 p.m. in Moscow arid 1 1 :09 a.m. 

in Houston. ■ * . 

• After 2 days of joint operations in orbit 222 kilometers above the Earth's 
surface, Aixjllb and Soyuz undocked at 16:00 GMT on JulyT97and'S6yTiz7' 
' landed in the U -S.^.R. at 10:5 1 GMT on July 21 . Apollo remained in orbit 3 
days longer in order* to complete 28 experiments, then splashed do^yn in the 
Pacific Ocean south.of Hawaii; at 21:18 GMT on- July 24. There was one 
r *■ glitch" just before splashdown, when ,tbxic gases-were sucked into the 
■ AiJollo spacecraft and painfully bumed^the eyes, skin, and lungs of the 
astronauts. HoweveV, the 23 American experiments and the five joint 
' ' ■. " * . Americ^an-Russian experiments vvent welt:tSeyeral Russian^experiments were 
^ ■ also conducted during the mission. Apollb and Soyuz brought back (or 
radioed back) much important scientifii: data, and the mission was a great 
* • , success. ' ^ 



A Astronauts ahd^smonauts 

The^hree Apollo crewmembers and the two Soyuz crewmembers who visited 

• i each other in space.arfe^showri in Figure I . I . They had worked together in the 
United States andthe U.S.S.R. for more thari a year before the flight and had 
learned to speak each other's language. (In orbit, each man spoke the lan- 
guage of his listeners.) they also learned all about the two spacecraft.. The 
cosmonauts visited the NASA Lyndon B. Johnson Space Center in Houston, 
.Texas, tp examine a full-scale model of' the Apollo spacecraft. The astronauts 
* visited the Soviet Space Center near Moscow and saw full-scale models of the 
Sgyuz vehicle, iand engineers constructed a similar model in Houston. . 

■> . ■■ •. • . I ■ - . • ... ., .. ■. \ 



The Apoilo Commander, Tom Stafford, is a Major General in the U.S. Air 
Force. Before Apoilo-Soyuz, he had flown on three NASA missions- 
Gemini VI, Gemini IX, and Apollo lO. The Soyuz Commander was CoU 
Aleksey Leonov. On March 1 8, 1965 . during the Voskhod 2 mission, he had 
taken man's first walk in space. After. Apollo-Soyuz, he was promoted to the 
rank of General/ ' ; V ^ 

For 13years^D. K. (Deke) Slayton,~the-Apollo Docking Module Pilot, h 
been Director of Flight Operations ^t^the Johnsori.Space Center. -He had 
previously been excluded from spaceflight because of a heart problem, which 
cleared up by 1972. Apollo-Soyuz was also the first space missibnfor Vane 
Brand, the Apollo Command Module Pilot. Valeriy Kubasov, the Soyuz 
Flight Engineer, had flown on one previous Soviet mission, Soyuz 

In addition to the general training for the entire mission, each astronaut hiad 
to become a specialist. For instance, before' the flight, Deke Slaytofi learned 
every design detail of the Docking Module and was ready to repair or service 

it.-..- .. ■. ,■ • - /I ■ 

' During the flight, each crewman h'ad specific jobs >6 do in at least 10 

experiments. In addition, all of them had scheduled ^duties in operiating r'fte 

spacecraft. These tasks occupied almost every minute of the flight except ior 

rn^als-^nH-rp^sr-pf^rindj;J-he-.s^^ arr anged in advance by mission 

planners, and the crewmen practiced every part of it, over and over again. 

Although they knew it almost by heart, they took^a printed schedule with them 

that showed just what was to be done and when to do it. ^ . 

Beginning 45 days before launch,- freqijc. t medical tests were made on. 
each crewman" to check his health and to measure the bacteria in and on his 
body. He was weighed^ his blood, !saliva, urine, and excrement were 
analyzed; his eyps were, exaniined; and his pulse and blood pressure >vere 
measured. The bacteria counts were checked once during the flight, and the 
medical test^ were resumed aft^r the flight for another 45 days. These tests 
allowed biojbgists to check the effects 8f spaceflightron the human body.' 
Very little effect was recorded on the 9-day. Appllb-Soyiiz mission. Some Ipss 
of body weight and loss of calcium in the bones had been recorded on previous 
flights, especially on the longer Sky lab flights which lasted as long as days. 

Both before and after thes. flight, the astronauts arid cosmonauts conferred 
with the scientists who had designed the experiments. One scientist, the 
Principal Investigator for Experiment MA-136, Earth Observations and 
Photography, lectured tfie astronauts about what to look for on several 
continents and what kinds o. ^ otographs lO take. He evenjook them on 
high-altitude airplane flights to help them learn to identify important land- 
forms, water currents, and cloud types. 



International Cooperation 

Ever since Sputnik was launched by the Russians in 1957 to circle the Earth at 
an altitude of 600 kilometers, the United States and the U.S.S.R. have been in 
a space race. The -goal of the Apollo-Soyuz mission was to show that two 
major powSrs, while still competing in space, could benefit by a cooperative 
mission. For the first time, the Russian people saw U.S. astronauts on live 
television and Americans wer^ able to view a 5,oviet launch and landing. 
Specialists in both countries recognized the value of a common decking 
system for possible rescue missions in space/People in the rest of the world, 
seeing the cooperation between two rival major powers, may now have more 
interest in space science and technology. ^ - - 

The joint space project was first discussed between the Nat; . lal Aeronau- 
tics and Space Administration (NASA) and the Soviet Academy of Sciences 
in October 1970. Almost 2 years later on May 24, 1972, the mission concept . 
was finalized/in Moscow. During the next 3 years, detailed plans for/the 
flight, the scientific experiments; and the press coverage were negotiated like 
treaties. The astronauts and cosmonauts exchanged visits, learned each 
other's language, and. subsequently shared meals while in orbit 222 kilo- 
meters above the Earth. They are now respected friends. 
~1irthese ^nd it i n ia n y uthcr^aysrth^Apello^oyuz-nriissipnJmpmved 
international relations. - 




/- 



Both' the Apollo had beeh'used on many earlier flights. 

;Apollo was designed to carr^^We men to the Moon, together with the Lunar 
Module which was used to l^and twq bf them there. The first Apollo spacecraft 
V was launched in 1966, and/several iest flights were flown before.the first men 
^^ Jwere landed :on: the Moon ^ i^ Apollo 11. Six more Apollo 

• spacecraft'flew to the Moon, and five Lunar Modules landed, (On Ajw 
an oxygen tank explodecl and the spacecraft had to return to Earth without' a 
'lunar landih^g:) Three morp Xppllo spacecraft carried three astronauts each 
(but no Lunar Module) up to/Sky lab in 1973 . Each of these spacecraft docked 
wsfn tlie orbiting Sky lab 444 kilometers above the Earth and carried experi- 
menial eqiiipment to use in the larg^^lky lab workshop. The last Skylab crew 
r Wrked there for:.i84 days: The Apollo spacecraft got its. onboard electric 
power frorn a special kind of battery called a fuel cell, which uses hydrogei^ 
and oxygen. 

, . Soyuz was designed in 1966 and has been used in many Soviet missidns in 
orbit around the Eartli. The Russians have also ^uilt a space workshop that is 
: similar to the American Skylab, although it is jsmaller. lt;is called Salyut, and 
S6yuz spacecraft Have carried up several brews, each of two^or three men, to 
dock with Salyut workshops in orbits about 260 kilometers in altitude. The 
Soyuz spacecraft uses solar panels for converting sunligW to electric p9>yer. 



^ Tiie Docking Module 



Although an Ajjollo spacecraft had docked with Skylab and a Soyuz vehicle 
had dtfeked with Salyut, Apollo and'^Soyuz could hot dock with each other 
directly because their seals and latches were dififerent. Also, the cabin atmos- 
phere in Apollo was pure oxygen at.low pressure, whereas Soyuz had ordinary 
air at sea-level pressure. (Of course, this cabin air had to be continuously 
reconditioned— oxygen added and carbon/ dioxide removed— as the cos- 
monauts lived and worked in Soyuz.) The,first important job for the Apollo- . 
Soyuz mission was the construction of a Docking Module that would fit both 
Apollo and Soyuz seals. and latches. The Dockmg Module also had to have 
tanks of compressed oxygen and nitrogen to use in filling it to match either the 
pure-oxygen. atmosphere in Apollo or the air in Soyuz.: 
^- The Apollo spacecraft'with the Docking Module attached to .its front end, ^ 
facing Soyu'^," is shown in Figure 2(1. ^The Apollo* vehicle, including the . 
Docking Module, was longer (about/ 1 2'meters, or 39Jeet) and more massive 
(about 14 900 kilograms, or 15 tons) than Soyuz. The spacecraft consistedof 
two parts or '•modules' ' : the conical Command Module, where the astronauts 
worked, and the cylindrical Service Module, which contained the instru- 
ments, fuel tanks, and water,tanks. The main thruster was located at the back 
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^i4: bf the & 

; : fen^^^ from the Service 

'■^-Mcdule^^a^ thei Command Module; with it^ 

: end forward; fhrou^h the a^^ i 
: The Soyuz spacecfjaft (Fig: 2. 1) was smaller and lighter than the i\j)pllo— 
about 6 meters (20 feet) in length and 6750/kilograms (7 tons) in weight. It 
consisted of three parts: the spherical Orbital -Module, where the two cos-, 
mbnauts wo^ked^ the Descent yehicle5,/which coiresponds to the Apollo 
Command Module; and the Instrument Assembly Modu the 
solar panels and coiresponds to (the Ai^ Service Module. ■ / ^ 

As Figiire;2: 1 -shows; the giiide plates, hooks, latches, and sealingrings on. 
the S5)yuz Orbital Module fit the guide plates, latches, hooks, and sealing - 
Trings bn the Apollo Docking Module. These coniponents forin the^Gomp^ 
ble Docking System.'' The parts must fit exactly so that when the scaling 
rings are pressed tightly together, no air will leak^from the cabin to the^yaciium 
of space, even '"though the pressure inside is much higher than the; pressure 
outside! Of course, there were sealed ha^^ 

. on the Orbital Module ;and the Docking Module', and also^between the Apollo 
bocKing Module and Comniand Module and between, the-. Soyuz Orbital , 
Module and Descent Vehicle. - ! ,^ ; ; 

After Apollo and Soyuz maneuvered to * 'rendezvous' " (to meet at the same 
-:^plaic:e on the sanie orbit), the two crews lined up the t^o spacecraft as shbwn in 
Figure 2. 1 . Apollo approached Soyuz cautiously; no one Wanted a.colUsnbn in 
. space! The astronauts used the small jets on the sides of the Seryjw^^Mle^to^ 
roll and turn Apollo exactly to the right position; then they moved in slowly. 
The latches caught'the hooks and pull'ed the sealing rings intb contact. This 
' rendezvous and dpckmg is described in more detail in Pamphlet I . 
'IV Wheii the seals had been tested, the astronauts filled the 

jyith oxygen at one-fhird sea^level air pressqre and opened the hatch between 
the Command Module and theTDcteking Module. Apollo Commander Stafford 
. . and Docking Module Pilot Slay ton moved into the Docking Module, closed 
the hatch behind them, "and slowly changed'the Docking Module atmosphere 
to a higher pressure niixtiire of nitrogen and oxygen. At the same time, the 
cosfQpnaiits .reduced the pressure in Soyuz to match the Docking Module 
pressure! Then the two hatches between the! Soyuz Orbital Module and the 
' Docking Module were opened, and Soyuz Coroniander LeonpV entered the 
Docking Module for the first internationar handshake in space, an event 
carried live by television'in both the United States and (he U.S.S.R. 

the astronauts and cosmonauts /;^drked for a while in the Docking Module. 
Stafford and Slay ton looked arbiind inside Soyuz. Going back, the astronauts 
had to close the hatches bet\ye^^n Soyuz and the Docking Module, slowly 
\ change the^jDockihg Module atmosphere to pure oxygen at one-third sea-level 
pressure, and then open the Hatch into Apollo's Command ModuleV . 

j- ' ' ' • 

'■■IS' - ':■ 



i-^ii : ; . . pix)ceclure!.jjsing the DockingModule tb convert from the 

rj o ;;^;= • ;^ ^ Spyuz atmosphere to the Apollo atmosphere Xand^^ 

Itijl^^ljiJ. r;: ijj.^^^ ' sey^raUimps during the 44 hours that the two spacecraft were sealed together 

?i : : :: ; Each^^c^^ 

* cosmonaut pairs worked together in th 
electric furnace described in Section 6; photographed several ex^ 
; . . . . : andeixchangedpiarts of 

• " ^ and the.two spacecraft undocked fbr the Artificial Solar E^^^ 

in which Apollo moved between Soyuz iqdt^ 
docked with Soy uz again, to try out the Gon^ 
. . . --- different way;: After^ 4^^ 

, Soyuz at three different distances to measuire the amount of ^^o^^^ 

"H-^--^ ~" — rnitroger. in the^Earth- s r.ner ■atmos'ph~ere*"(s^Pan^^ 

^ ^ " " departed from Soyuz for the last time, 

". . * ' ■ •• ■ • ■ * ■ ■ ■ ■ ■ ■ ^ 

g Launch and iSboster 

• The launch of a spacecraft is a spectacular 'sight,;as>howh:b 

■ \/- . ^ photograph on the cover of this pamphlet;inthis^photograph, the huge Sa^^ 
. IB booster is lifting about 588 0(X) kilograms. (580 tons) 

the Kennedy. Space Center in Florida! Most 
. two docket motors in the t>vo . boosters ^ 

^ ^ _j ^___^Mbr JIhe_rGcket^ni9tor--get*^ by ejecting' Jiot gases produced by 

/ • burning kerosene with liquid oxygen. It is 2i reaction mmor ii^^ 

' ^ more fiilly in Pamphlet I. . ■ . ; f : 

. The complete* Apollo and Soyuz 'Maunch configurat^^^ 

tions of boosters and spacecraft on the launch paid — aire sHown in Figure 2.2. , 
Apollo, on the left Js nrauch larger than5oyuz because it was^d^^ 
. . the Moon. The Docking Modulewas caijied in a special* *adapt^^ 
. . . Seri'ice Mpdule. The Lunar Module was carried in this^^^a^^ 
; missions. (Later, Apollo had to 'detaph itself froni the adapter, move away 

: from it, turn around, and move in to do<:k with the^ 
r . the spacecraft modules wejfethe.two stages of thej^^^^ 

shown at the bottom of the figure, the fir 
: ^ . seconds. Then the empty tanks, pumps, combustion chamber; an^ 

' . ' ■ • the Saturn IB first stage were unlatched and discardecf: (^^^ 

Earth.) In the meantime, the Launch Escape System; (which w^u 
, .; \, rescued the astronauts ff the launch had gone wrong) was ^^^^ 

". . *^ ' : ,. discarded. It fell into the ocean south-^of Florida, together with the empty 

■■'■*■>'■.'"■ ^ . booster. ^ ' • ".■.>•■ '■ ' . . ■ '■ 





Apollo and Soyuz launch :'confl9Ufatlo^ Figure 2.2 

' describes each spacecraft In, terms of mass> booster thrust, total launch . 
weight, and booster firing tln^^: 
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t After the Satum IB booster was discarded, the V'second-stage! VSaturh IVB 
boosfer fire^ f or 7 "m 1 and^25 secoiSds fTfiis^ booster acc Apollo ■ 

from a speed of 4 km/sec (8750 mph) to a speed of almost 8 krrl/sec (17 500 
mph) and changed the direction of the spacecraft from Vertical to wa^^ 
zontal. The second-stage Saturn I VB was then turned off /As shown khemat--: 
ically in Figure 23y the Apollo lift-off was ainultistage Uunch (see Pamphlet 
I), It put Apollo into a nearly circular orbit about 165 kilometers above the 

Earth's surface. ... — J Jji^. j... 

The smaller Soyuz spacecraft had only one lwoster, >yUh tanks that coiild be 
discarded when they were empty, and no launch escape* system. Its dime^^^^^^ 
sions and booster characteristics are shown at the right in Figure 2.2: The 
20-ehgine booster lifted the 300^ OOO-kilograni (300-ton) configuratioa off the 
"launch*padrtumed"the'spacecraft-to:the*horizontalrandrput' Soy uz^in an brbit 
; about 220 kilometers above the Earth's suriface.iAlong the way, it;.dropped 
four of the tubul^ booster engines after.their fuel was lised up. 
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Scfjemdtlc diagramcof a multistage launch. The total launch mass Is the sum of ' 
the mass of the payload nip, the mass of the booster tanks mfy and the mass of 
th4 f u^l W: fHp + m|( + M. After the first stage, the empty tank m|, Is discarded 
and the remaining mass Is speeded up to a higher velocity v^2' 



Figure 2,3 
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After the boosters were turned^ff7-~ApoUo_was^mo^ 
7.8 km/sec- in orbit around the Earth/The orbit "of a satellite^around ther 
"Eaith/shown in Figure- 2~.4r is siniilar-to the much larger.orWt qf^^^ 
The spacecraft, - now a satellite, is being-pulled toward the center^f ither 
Earth by gravity, but it is moving'Tiomon/a/Zy so fast that it never reaches' 
the Earth's surface. The arrow labeled \p shows the horizontal motion in 
5 minutes, and the smaller arrow Ar shows how far the satellite falls in 
5 minutes. Starting from the end of Ar, we can follow the next 5 minutes of 
horizontal motion aad falling, and so on, all the way around the Earth, If the 
speed is just right, the orbit will be a circle; otherwise, it will be an ellipse, ' 
as in Figure 2.4. ^ ^ . ^< 



Satellite at pengee "'s 




Actual heights, km ■ 



■186 221 
148168 



Soyuz initial : 
Apollo initial 
ApolTo« Soyuz" 
dockjd (circular) 222 222 , 



^/?^-6378 km,- 



Figure 2.4 The orbii of a satellite around t lie Earth. The orbit size is exaggerated ^r 
clarityT The actual heights for Apollo and Soyuz are given at the bottom. The ar- 
^ . r^ow F'g represents the force, of gravity.putllng the satellite mass toward the 

"large Earth mass M£. ; .\' 
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tiib^y l!fe8-kilomete^^ 

r; Severjj oth^ Tf^!^ 
important is the /A?c//Viflf/on / The inclination is tfirangle^^tet^een the orbital: 3 
- - plane a^^^ Eqtiktor 6f ihe Earth' lf a satellite moves alpri^lhle^ 

/ was 5 1.8^ which mearisD that the^ 
U Equrtor going librth,!^ up tb^ShS^N latitiki^rossedthe'Equ^ 
: south arid-moved down ip 51 .8° S latitude ^> i ; ^ ' i ■ 
-.^Jseveral^cha by using the thnisters on Apollo and 



:,r ' ^|%oyuz to increaselfieir"speed ar^ Thesexhauges put Apollo in a 20 
: ; 205-kilpmetw^ in, an accurate 222j-'by^222- 

I 'tJ.kilbmet right time, Apbllp increased iti sj^^^^ 

: reach the 222rkilometer height near Soyuz for rendezvous and docking- 

; '^^^ ' Pa^ descriptionof these orbitsand how they wefe 

\:, ^;\\^;chariged.' ■ ' ■ ■ ^ :v' 



/ 



Whenyb^s^^ 

^ Vv the chair pushes back up with an equal but opposite foi3eX]^^ 
' ^\ ' Law). On Earth, every mass m must be supported by a force /^..equal to its - 
weight:F ==rm5, where^ is the acceleration of gravity, a9;8-nysec increaise in 
; ^^^^ every second of fall. When Apollo or Soyuz, or^^^^^^^ 

* Tspacetraft, is in orbit with the thrusters off, the spacecraft:is falling toward 
Earth, and nothing inside needs to be supported. When an elevator starts to go 
doWn, yoU can feel a lessening of youn^^ 

•"T :- r^^the elevator floor. If the elevator cable broke so that the elevator fell dpwn the^ 

\ shaft^'^the^orce on your feet would be zero. There is nothing to push you up' 
; • / because you and theToleyatpr are falling tidgether at the same spt ed and same ; 
acceleradonV This applies equally to and objects in the falling^: 

> elevator.: Iri this **free fall," everything is vve/5^e^^;'P = 0 and^ = 0. This 
weightless condition is called zt'rt?-^. - , 
, Zero-g is pne of the most significant factors aff^ting fiiblogicad and 
0 • :. ' ' materrals experiment^ in space. It also produces surprising effects on theXlaiiy : 
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: : ; : : livesK)f astronaut theastronauicahnqt jMstp^^^ ; , : 

^ something p?^^ it Avould floiat awayi^T^^ 
^ . ;\ ^ 1 s|ay : in placej ^ ithout^^oating^^ ancHor : h imse^ \ 

^--^^ 1^ J^meth^ (In Skylab; each asminaut 

cleats oh his shoes that fit into a grating; oh the! ^ 
: stay in Clips; so drinks are squeezed frorh plastic bags iiu^ 
^ . - T^^ V*b6t{om'^ pf a-F^ 

, convection ^cunientsJiuli^^ 
, needed 2 or 3 days tb get useH to zerq-g. It made sc^ 

* - ^and sjiifted blood from their legs to the uppeir parts of their bodies! Other^^ x^ 
eficcts are described in.Pamphlqt Vli' ; ; • ; ; :-^^v^^::V ; ; v 

p Questi piscussipn^^^^^^^^^^^^^^^^^^^^ 

(Time Zones, Docking ModuleVLau^^ ^ " • • \ 

r ' !• j.Th'e cosmonauts^ ate suppjer in Soyuz at 10:55 p.n^?v^^ 
time. Whativas the time then in Londo^i; E^^ 
' " in your honie 'tov^n? \ ^ / ■ ' ^ 

^ ; ; ' 2. Why was there never ah open passageway between' Apcfllo and^oyuz 
^—..:~whUe they were do » ^, 

3. How much fuel (icerosene and liquid pxygen) was neededjto purjeach 
kilogram of A'ppllo into orbitf How much fpr Spyuz? • ' . . \" ^ 

4, An astronaut in zero-g wants to push a cabinet door shut, Wh^ 
happen if he did so without anchortng himself? v . ; ■ 





jf^^SJ^^s^ Earth's atmospllere have two 

^fS:. ?\ Iv: i .H^ Earth. The*moreimpof- 

&? :^y<^iv their data tdmeifrom(k^ the Earth's atmosphere^ " 

i^fii ; S : ■ *;-^^^ nfiost of the infrared Jight coming from 

J 5 ■ ; t • =^feyen ^Uh lai-g^ telescopes like the 508^entimeter (2d0-inch)'oneiat^n;i 

i-!-^! : f : - ^ in California; ground-lmsed astronomers can,piioto--- 

: w :H : jgraph prd^ blue, greewi, yellow, red) and^ small ; v 

■j:^^.;^^ . ■ V 5^ infrared; Parnphjfet II describes this in giiat^ detail. 

* / Because the at m^ blurs the photographs .takesn with large telescppes,/- 
: . very faint stars are missed and larger objects (gas clouds and galaxies) are not 

' V : * . shown sharply. Observations obtained outside the amosphere thus have a 
{st •■■/'■■'■-"i^ ,'--sccond'adv ■:. , ^'^ 

i " * / , A telescope was carried,to the Moon on ApOllo 16, «nd other telescopes / 
j V ; liaye t^eii used above the atmosphere in Skylab and in unmanned satellites. A ; 
; : ■ :.; speciad x-ray. detdctor^ was used on Apollo-SoyuV. and^hotugraphs were^^^^^ 

; / ' taken Qf the:solar corona, a^as cloud arouad the Sun witrk a temperature; of 

Experiment Proposals and Organi^atlbn>^ v: 
/'fof :Appilo^Sbyuz : , . . , " ^ ' ' ^ \ 

* "Irt 1972, NASA invited scientists from alfover the worlld to propose experir • 
rttents for the Apollo-So>^z^mission. In all, 1 6 1 proposals were submtted to ; v: 
: NTASA Headquarters in. Washington, D.C. Each proppsed.e^xperiment wa^/^-^^ 
assigried a'liiii^t^r: :M I to MA- 161. Of these, ; 1 35 tame froiti scientists ; 

. in the Ujiited States; eight from West Germany ; seven from France; four from : 

India; three from the U.S. S:R/, a^^^ each from Ireland, ScotlandvS^y?-,^:^^ , 
^ den. and Switzerland. Each proposal specified a; scientific objectiye,-;de-, : - . 

scribed the equipmerit necessary, and estimated the afmount ofastrohaut or^ ^ ^ 
' cosmonaut time required in flight. FinaHy, the cost of building the equipment . . 

and analyzing the experiment results wa^ estin^ate'd. For U,.S>in.vestigatic)hs. : ^ 
: NASA supplied.the necessary funds; fore investigators were^financed by^ ' 

".'their' goyeni'ments ■ ■ :. ."'.:,"."':'..■.■:■.,:._.;„' ' 

iThe/J.S. National A of Sciences reviewed most o^ the pr^pd§^ls ; T . . 

.and imedHherii Then, on the Kasis of weight*N< - ^ 

---eestrlopera tinjg timfe, and complexity of spacecraft maneuvers required, the X/, 

NASA Manned Space Fligfit"E^Timents Board (MSFEB) selected 28 exper-, . 
; . iments, These experiments are listed in Table 3. 1 . Five of fhem required joint 
astronaut-cpsmonaut iactiviHeSi and the Soviet Space Science Board added six v 
more for^the cosmonauts only: There was a Principal. Investigator for eath 
: experiment;;he was held responsible byVAS A for analyzing the results and 



26 ■ 15 '.; •/ 



ERIC 



Table 3.1 Continued 
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writing a final report.^ West Qermany developed and financed two experi- " 
ments, but their Principaklnvestigatprs had to make reports in English to 
NASA. The Russian sciel^ts who worked on joint experiments also submit- 
ted reports' to NASA. ^ 

The complicated or§aniOTion for the experiments is shown in Figiur^ 3il. 
Ariangements for the U;S.-U.S.S.R. joint experinients were made between 
NASA and the Soviet Academy of Sciences, and arrangements for the West v 
German experiments were made betweenNASA and the Geririan Ministry for 
Research and Technol ; yy. The NAS A John F. Kennedy Sf^ace Center (KSC),^ 
JL^4^Mi-^r-lplin&o^pace^Center_(J&C) 
Center (MSEC), Robert H. Goddard Space Flight Center, (GSFC), Langley 
F^esearch Center (LaRC), and' Spacecraft Tracking and Diata Network. 
(STDN) were all involv6d: in ensuring that the experiments' fitted into the 
Apollb-Soyiiz schedule. T^e dashed lines in I^igure 3.1 show informal com- . 
munications that were us^d in preparing for flight and in writing the final' . 
published reports. ^ ./ 




Organization diagram for NASA space science experiments. The Principal In- Figure 3.1 
ve»tlgators (l^ttom boxes) proposed the e;;perlments and are responsible for . 
ifeporting the' results. . , - 
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One of the interesting results of the.astronomy experiments comes from x-ray , 
: measurements made in the MA-(M8 Experiment. Th^ Investigator . 

was Herbert Friedmanjof the U.S/Naval Research Labora^^ 
: D C. As explained in jPamphlet II, this experiment'measured x-rays coming ; 
from Vsirious directions. In one direction/Xrrays were.yetected coming from a 
star 200 poo iight-ye'ars away ''ih^the?^SniaIl Magellanic Cloud.: a -galaxy , ; 
M outside ourown Milky Way Galaxy. These x-rays came in pulses. about O^^ 
. second apart, , which jis shorter than the: penods or 10 pther k^^ 
. * pulsars; The best* explanation is that a high;^density .Neutro^^ 
. ; collapsed staiO about 5 kilometers in radius is rotating bnce.e.very 0.7 second. : . 
■ This is illustrated in Figure 3 .2. The Neutron Star is in a 3 :89-day orbit around ' 
a blue (very hot) giaijt star, which is distorted by the gravity oif jthe N^ 
• Star.' Gas is pulled off from this jiant tid?, fall^s at high speed into the Neutron 
Star, and produces x-rays.. ' ■ ' . 

Neutron Stars havp collapsed because "of large gravity. . 
puUs a star to an eyen smaller radius, the star becomes an invisible Black " 
Hole, a collapsed mass, of extreniely high density ^ Neutron Stars and Black^ 
Holes are described jin Pamphlet 11. ' \ ^ 
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0.716-sec 
spin 
I 



^ • Orbital speed 
In 3.89- day period 



4 



Enlargement of 
Neutron Star 
(atjoutlO-km 
diameter) : 



/ 



^ About lO million kr;) 




Explanation of the SMC X-l x-ray pulsar. The small Neutron Star Is spinning 
rapidly as It circles the huge blue giant star. Tf he Neutron Star has a "hotspot" 
on It from whfch most of the x-rays come. They are detected when the hotspot 
faces the Earth.: 



Aliificial Solar Eclipse ; 

In one of the joint expferiments<MA-148). ApolldP^was undocked from Soyuz 
and moved; about 200 meters' ahead, along a line toward the §un;v At this 
distancf^,^ppllo looked twice as large as the Sun, as seen from Soyuz. During 
the sepjir^ti^iii, Apollo occulted the Sun from.Soyuz' view (Apollo's shadow 

; covered1S9yUz)\P^^^ shows the lineup; with Apollo between Soy uzi and 

nhe Sun just before 



^^^li^i ' ^cv^}!^ fn9Mre 3;3 < o Orbit and tdiMratlon^o^ 

^!T-7-:"i:r -r^^r^^^ The Ibww arc W the iuiiace of 4Ke Earth; thelApollo-Soyuz 

^ i : -^^ I !;; [ : ■ '' :;. vv llherit shown 222 kllpnieters above It-Six positions are ahowii^ 

;-yi^':V;i4§'- - right) to redbcklng (at^the ieH)<The two hp^^ 

Ici-^r ";V.; :i ishow ihe cllrettlon bf suhllght from Soyiiz/: 
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The cosmonaut.sjjiad a camera mounted at the window in the forward hatch 
of the.Soyuz Orbital Module where the Docking Module had been docked. 
This camera was automatic; it repeatedly took six exposures of 1/6 second to 
11 seconds on special high-speed Kodak film. (No one was sure of the proper 
exposure for"the solar corona— the faint cloud of gases surrounding the Sun.). 
The Soviet scientists wanted to measure the brightness of the corona out to 3 
million kilometers from the surface of the Sun. The corona fades into zodiacal ' 
lightVas shown in Figure 3.4. The cosmonauts took several good photographs 
and a number of poor ones, When Apollo fired its jets to keep in the proper 
orientation,rtejet gases were illuminated by^the strong sunlight and showed 
up on the photographs, covering the solar corona. The best photographs, 
taken when the Apollo'jets were off,; were/measured to get the brightness of 
the corona and the zodiacal light. These brightnesses were three tinies brighter . 
than%imilar measurements made from airplanes during a solar eclipse by the 
Moon. In the airplane view, some corona light was absorbed^ Also; light was 
scattered by ^^the Earth's atmosphere-rthe sky background "Was not totally 
black for the airplane vifew. It is also possible that the corona was threeainies 
brighter in 1975 than it was.in 1954 when the airplarie measurements-were 
made. . « - ■ 




: Schomatlc'dlagVam of the inner corona, the outer corona, and the zodjacarUght. 
Except for the edge of the Sun, there are^no sharp^dges to\any of these 



Figure 3.4 



regions. 
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Questions for Disciission 

(X-Ray s. Solar Eclipse) . \ ': 

5. X/rays are made by itjachiries in thfe dentist's office or in the hospital. Jn . .„ 
these x-ray machines, high-speeld electrons are fired at a target, using 20 000 . 
or 30|oob volts to speed theni up m a vacuum tube. How is this similar to what . 
occurs in an x-ray pulsar? i 

6. | Why couldn't the Russian^ scientists photograph an artificial solar 
eclipse from the ground by using a tall chimney to block out, the Sun? ^^^^ 




J}?>^^^p^Tvi^:e MA- fi8) >ere designed to measu^ small^ . ; 

■^f[ : :; : ^ieviatibns^ the Earth's giravity'due to regions of the crust Where the density is . . ; 

; > - .^i^hig^^ 

/ ' P;:;:- ^ithe ;(^ spacecraft as they passed ovw 

rt;^;?rcgibhi in this clistahce indirectly measured the changing force of ' 

'■■:[ - ^I'giiviiy^ 

f ^ ; ; ; i dens^^^ in the Earth's atmosphere 

: i 1^ J : Nkildmet^^^ obseryiiig their effects on a beam of light reflcctcd;biw:k ^and' : 
;7r^iiforth Jb^^ Pamphlet V). Two other expierime^ 

described]^ '•■ ':! . • .v'V 

tTij: P&pin of the TJniv^sity_ of Wyoming ^w^ the Mncipallivyestigato 
MA-b07; an experiment to measufre* how much sunlight is: absorbed by the v . 
: Earth's atmosphere just after spacecraft sunrise or just before^^s^^^ 
sunset. From these measuremwUsfifieli^ 
could be estimated; The measurenients fr9nni:ApplI^ 
those made from the groun^^^ 

; : Aerbsbls are yery small particles of dust or droplets of liquid like thbise &bm 
; ah aerbiol spra^ from these spray cans dp nqV pollute ;the : ; 

Upper atmosphere. It is the Fneon in the cans ; that rises high into the 
atmosphere aridi 3 reduces the amount^of ■ ozone (O3) by cheniical reactions. ; 
Reduction of this ozone allows , more u^^ ' 
vsunbiim and skin cancet, to come through the Atmosphere..;i ; : 

; XI16 path of sunlight through the: atniosphere to Apollo just before'^nset is , 
ihp\vh^ in Figure 4. 1 :T)Ti!5 light reaching; Apwllo at^ P^^?^ thrpygh air in ■ 
"*'*ikyer -^^eryicto the surface, and ^wa«^ af^^ aerosols at low > 
altitude^ Earlier, ligln passed through'hi^er 
; MA-007 Experiment used measurenraents : of v 
' minuteis bef6re;sonset to estinnate the amoun^ layersA, B . C , ^ 

;' D.ah^ so pii. Of coiiree, the sunlight re^ layers ' 

• B. G! and D ais well as iayer;A, sb calculatiba is conipUM 
; : Sunset fit)m Apollo-Soyuz >as[. much qu ground . 

vbecause the spacecraft had a * 'day'- of our24 • ; 

hours., .The Sun's changing brightness was measured witfr^an-i^ 
. caUed a phbtometer;^^^^^ the Sun thpugh a windpw in:^t^^ 

Command Mod[ule^ The phptometw ,;brigh^^^ i S minute^ 

,iit)efore sunsiet were re and later coriverted to curves of aerosol density ^^^^^ 
Versus altitude. These curves fitted measurements made from, the ground and 
extended them up into the stratbspherie, 20 to 30 kilometers above the Ejarth' s - 
■ y/^;. ;;.:-i surface;;... .^ ^ ■ ■ ■• ^ ■ . . ' " 
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Figure 4:1 




Schematic diagram of M/l$-007 ;sunset pb8ervatlon8^^^^^^T^^ 
A mosphere and the Apollo-Soy uz orbtt are. exaggorated i or clarity. The' S uh's 
rays passing close to the »afth> surface are bent downward by. refraction due 
to the hlgher density In th^ lower layers of the^iatinpspher^^^ rr.-:] v ■ • 

The aerosoMiquid droi|ets in the Eailh'siatmos^^ 

acid (H2SO4) arid water, vA\[ch probably cbni^ j^ticim:^^^^ oh the surface. 
. The volcanoes spew^ put-liydrogen sulfide^(^ 

gases tMt rise high in jfhe.m^ 

under the influence of sualight; to fom 

nnent showed tihiattherewe^^ 
. in the Southern Jiemisph|re on July 22, J975: This^^w^ 
V volcano in Guatemala (sCgiith of Mexico j^^^^^^^ 1974. - ■ 

. The result^ of the MA-0p7 Experiment;© 

this technique of.measurii^g sunlighit at spacecraft is'innse be « 

used to determine" the ' ai|iount of, dust and droplets high in* the^^^^^ 
atmosphere*: Such aerosol^ can affect the weather, so; measurements of this . 
kind are. important fiirall Qf us on Earth. : , . J'.' 
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'plj'f ^^^^^ . ;.. .'{■■■: J 
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'-^^::;;a;A^;^*:::i:iL:«u ^en found very uisefu ? 



^ ;!lbroa(der(!yi^ aprossA bft :such -photographsi^^^ 

1 >wim the Gulf Stream along tl^e U.S^-M^ 

dnphd^^ 

' caifi'ti^e nm chains; river vkUeysi ah breaks iii thelEarth'^c 

iy) iif^is:^!^ volcanoes and cratenj formed where iarg^meteors hit;. 

;:^jj^tBfe^ EMK 16^ use such j^ofographs to see h6>y^ 

■ ffecssts aire^ deserts are d^ying u^ 
;i Thie'^iTOtogra^ ari):l the astronauts* descriptions bf the 
iwbre;orgahized in^xperinrieht MA- I36'by Faroulc El-Ba2:of tfe;5mith^ 

j f Jnstitutipn in "^sl^n D . C \. The astronauts ; weieC pro y iij^jd ! wittf several J 
;;ht<;anieras, two of them 

windoy^^^^^^ Coramahd Module?, and its exFM^sures w 

■ J caily tiifieii^ each photogrbiph pverlappeld^ 

:^ ; ail^^r; A 6^^ ensiireahat every^poir^ 

r : groundtrack Was photbg^^ at least twice. Pairs of photpgrapHs^cod 
'Ct rneasureii to determine ' mountain heights, and c loud heigtitsY; About 4 500 
S - ^ 'phbtograp^ of the most jnterestirigtt6l(f^ pHotograj^hs 

;!^^^-shQwh:in^iguri::^4.2 to-4.8.; . ; v.; J,, 
;'^^^;'oFr6m their preflight training; the astronauts Jchew which £UTea^\N^re;Of most: 
5 " scientiffc tape-recQrded de§criptioiis in words; ;us^^ 

tr^:wheei'liipspe<^fythecbfo^^^ saw;Th©:color,wheel^Vasap^ 
^^i^v^4rreddish-birow colors and 54 bluish-green: cblorslah^^ 

number>llie 'astronaut chose the color nearest the desert sand o seawater he; 
^ : was.iobict^^l^and reported its numbei;. Be blten^ 

.ware^^^^ not appear pa the phptpgraphs|^^^ 

^^atures that shpu Id be studie^ bn the pHotographs later b^l ltseei^am^ : 
>/ ; ^ Grbuhd crews made^^n^^ of tfic; IS areas' s^ 

r :;^MA-I36 pbservations at the same tinie that Apollo-Soyuz passed b 
: Fbr ^^stance, several groups df ships measured salinity (amount^p^^^^ Wthe 
^ seawatery, water color, red tides (poisonous plarikton iii thC' watei^ 
currents, and types of clouds overhead. Other ground crews ;m^^^ 
the Western 'Desert in Egypt arid rheasured'the sand cploc in: several iplaceis. 
; - The MA- i 36 photographs and astronauts'repdrts agreed with these * *ground- 
^i - truth o measJferi^^ and extended them over much wid 
'0. M A 'Storm : pVer the South' Atlantic Ocean is shown in Figure 4.2 vWmds 
■ ; ■ W aropnd a lo\y-pressure area form a spiral of clouds. Simil^^ 
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Sunlight refltcted from the Paranli River In Peru end Brazil. The zlg-zaga built 
up over thousanda of years aa the river wore away Its banks. 



mm 



Internal waves In the Atlantic Ocea^ west of Spain. In this vertical view, 
suhllght Is reflected from the oceaimurface at the lower left. Just to the right 
of ihat, you can see faint blue stripes caused by the Internal waves. 



Figure 4.5 





V ; yi - photographs at^avsmal^r scale aref prP^^^cij^^^^ 

^:i.weather;satellites:f6r use';^^ ^i'.^'Vrv-i'V^:'^:^:'^ 
i ; ; : Iri pigure 4.3 
- Y^zig^zajg pattern^ 
- ftowirig river is deposited^ 

; . ;drops more Figure4.3 ieufidotherphot^^^ 
; ; up ponds ancl swiamps oh either side of the >nver Most; of the!y 
^; - unsuitable for ajgriculture or highway s prother d^ 
>| Brazilian and U.S^^ V ■ i \. '/i/iT^^. 

As Apollo-Soyuz passed over the Strait b^^ 
photograph that shows the curved horizon f^^^ 
(Fig. ^i^): A little later, they took a dqwnwai^ viev^^ 
west of Spain (Fig/ 4.5). Sunlight is reflect^ off the p^^^ 
lower left comer of the photograph. To the right of t^treflectiori;^ you can see 

■ i long Mark-blue stripei, which indicate the presishc^^ 

water. Some of these ptripes are more than 50 kUbmeters long. TTie internal 
; waves in the sea are pirobably caused|by the nriorc; salty MediteiTiEme^n wa^^^^ 
flowing out through the Strait of Gib^^tar and can only be^s^nltorp^^^ 

■ graphed) when the lighting is jiist rig;ht.' > ^ ■ 

A vertical view of the Nile River Delta is/S^hown in Figure 
reflected off the Meditenranban Seajust^orth^f the Egyptlan^^^ 
the edges of the Siin's reflepUon, you caif see ipatches of W}.> may; be" the ; 
fresh\yater of the Nile River mixing >vith th^/sialtwater of ihe.i^a. TO Sftez ; 
Canal is off the photograph to the top rigjht- v c v : ^ 

Differences in sand color are shown in Figuie;4i7;, a ve^ 
desert in Australia where ne\y (yellow) sand is adyan^ 
sand. TOis difference in color was corifmhed by ground-truth teanis.; ; 

Figure 4.8 shows the Levantine Rift/ a crack in the Earth's crust 
' through the Dead Sea northward along;the Jordan River thrpughrthe Sea of ' 
Galilee in Israel. It was described by the astronaiitis as splitting into threel rifts \ 
north of the Sea of Galilee. The westemmpst of these threeicracks js partly ' 
■ ■"cpvered-by' clouds. ■ ; ' ■ ! i\ ■ ' .V-'.;'-:':':, 

TOese and many other MA-136 photographs and desc'^riptions are being 
studied by scientists who are interested iii slow movements of the. 
crust. They believe that North America drifted away from Europe and South ; 
America drifted away from , Africa during the last 250 million years. TOe 
Levantine R^ift showsthat the Arabian Peninsula is now twisting away irq : 
Egypt and Africa. The scientists have traced slow continential drifts like this 
and made maps of what the land areas of the world looked like '500. m 
years ago. At that time, there was one big continent, now called Pangaea.lt 
later split up. into. North and South America, . Europe, Africa, Asia, and 
..^^ Australia. ;;' .. * 
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tU t0V«ntlne Rift In Isr^^^^ crack fn the Earth's csfust extends from the 
Qiilf of Aqaba at the northern end of the Red Sea through the Dead Sea (lower 
Vight) to the Sea of Qatllee.' It was probably caused by a twisting of -the Ariiblan 
Peninsula away from Africa In the general continental drift, --^^r 



Figure 4.8 








Que^tiori^ for Discussion 

<Simset,>Refraction'iTAerosol§j-;Gebm^ 



^ ' ?• On a very c^gar evenmg, might see the Siin first touch theihorjzon at6 ! r K^^^^^^ 
' ;p.m.Aboiit|2 minutes later, the .topi of thejSun would 'disappea^^ thej^; \ ^i^'^^j!;, 
horizon:; How long did this^unset take as seen ftpiri ApoUo-Soyi^^ L^. ly^' , > , : ; 

S^Why are the'rays-of light bent downward in ^Figurc^^4^^ ^iv/ V : • = ' ^ /' . ; 'VJ: 

9. Why do scientists i^tWhic^ 

- Experiment came from volcanoes rather than from- factory chtoi^^ • : i } ; ■ ' : i 

10. Show by drawing a diagram how. two photopraph^^ 
two places in Apollo's orbit 60 kilometers apart iandjatVa^^^ 
kilometers can be used to measure the height of 

11. Show by drawing a diagram how fair away; ^ 
spacecraft in Figure 4-4, taken from 222 kilometers altitude 

, : 12, If you were an astronaut describing the view shdwn in Fi; 
. aspects would you report? 
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: J : three asiTO = iitaj^d in; orbit; for ; alrecof d ; %^ dSiysrk^^ ; ■ ! 

^ ^:^limit\fpr;hu^ 
^^ vl;; smaJl^iying prga^ spbresj seeds^ £m^ 

fw; ixiststtiat mafiy organ^ 
^v{average;STh^ 

|>i\^m dilffercht kinds of aitoms moving aft^pleeds c 

|: ^The darlgeiroiis^ have high masked hig^ r 
jV and WiT^ ;hig^^ 

h galled :gai^ic rays;(see Pamphletln)i.: 0 

^ s \ \ \nergy come from the Sun - Biological effeptsare^a^^ lyj^ higifrsi^4^ 

I \ o (ipwt^mass)ipro to^ that oscillate between thei Eiurth' s; mai^ i^Iesli^ 

^ ,^ / ^ IT - - . spacec^ 

I ; Uhat IS, wiien a high-speed proton hits the nucleus of an aluminu^ atom.lit can 
\ V»i;«pW neutron or create an x-rav: Astronauts; seeqsW^^^ 

llj . _ _ 

Van A:IIenvbeIt protons, and secondaries in varying ptbinbrtfons 4^ 



^W\^^ X^^^^'^'^^^ and rays when they Ifiit the m 



'kripfck oiit':' a neutron or create an x-ray : Astronauts; seeysA^^ 
■ ApolIp-SoVuz >yere thus bomi>arded by galactic cosmic rays;! s\jlar: cosmic 



rays, 

\eabh Orbit aiy)und the Earth. 



\each o , ,^ 

V [The effeits^ 

hWans. a^ by the absfence of familiar gray ity, and their bjody fluids , 

ch as blocldf t^nd to rise to the^upper parts of the body4)ec^^^ is no 

avitv/to Dullvthe blood "down" into the legs. Astronauts who have. siJpnt 



gra^ity^ to puIlytHe blood "down" into the legs. Astronauts >yh(^. hayds] 
sevei^ weeks in zicro-g have lost body, height and have also lost cklciunV^ri^m 



their bones: '^hese| effects are well established, althoujgh biologists caniwt yet 
TUvT^fojfi incc \i calcium from* bones. \ A\ 
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l^k^ J^^ /Light Flashes in/Astro^^^ Eyes;-;;'1 '-^^-^^ 

5;;;^! f;: aitro^ 
• 

^ ExperirnenrMA-106 
exijeriirieiits witK high-erifergy Jphs shbt;p^^ 
He knew ' exactly what kind pahicles were iri^t^^^^^^^ 
energy they had as they.entered the heads 
the besaitithrougKthe brain; die 

the high-jenergy ions passed ; through the/ ey e thiatyflashes were seen ^ ; ^ 
Thie ma 

space and by the volunteers at tlie tr^ 
different shapes and sizes complicate the explanation bf^^h^^ 
produced. The simplest idea is that a cbsrmc iay c^ 
through the eye's ''detect6r,'' th&retiha.5Th^ 

the! eyebaliivhere nerve endings ire sensftive to the light focussd th^^^ by the ; 
lens at the front of the eyei The cosmiclray ionizes a few kpms or mplecul^ 
v^hich produces a signal in the optic n^Weif^^^^^ 

brain as a ' 's ingle star' ■ (upper right in Eigj 5 1 1 ) , or p^rJjap^ com mlsi. " The ; 
'*d^dse cloud"; flashes seem to h« something idiffereiill h ■ 

The '*lon^ streakV' might.be caused By a cosm 
retiriii^surface. Double stars and doubljs/i^treaks'aip iriost prpbi^bl)^ causeid by ^ 
. ^cosmic;ray that hits.two pi^s of one eye lor perhaps p^^^ 
(bincenp^ 

.cau|fed \>y galactic cosmicjrays-withi^^ 
• atomit nu^ Z. Because^ tiiey are moving so fast; these V'HZE particles' V 
(for//|gh-Z, High-Enei'gy) might product a flash of Mght Hke a shock wave as 
^ . they ent^t^eyebaliXsee Pamphlet Vi): This idea h^^ 
the laboratory. 
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y ;4)uttpaand described the flashiiito a tape recorded:; For (93 ^ ■ 



'MB 



-rj: fourited per minute matcheddfiel^ 
■ .changed w 

: : higher iiear the North and South Poles than iiear the Eqiiafoi^jui effebt of the ^ : :i vv^.;" : ''^^^^if^ 
' -Eartti's magnetic field.) ^ ^/\:il(\f^;^^^^^^ " i'\ ' ' l^'^-^^CJ^ 

; Amapof theEarthwiththeApollp-Soyuzgro^^ 
(GMTj when the spacecraft passed h^QT is shown iik. Figure 5:2i':T 
flash experiment started at 15:00 GMJXwhen Apollo-Sp^ 
^Alaska at the top left of Figure. S.-iTit ended.at 16:35 GMp^ '^he top right! ; 
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hgure 5.2 



-Longitudi 



Orbit track, tocafion, and type of ISght flashes. Tha six symbols are defined at 
the left as types of flashes pictured in Figure 5.1. ;! 
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longitude,;:^ 

; n arid atoms iol the reti^^^ 

; ^ atoms , in thc/retina'and cause a, s^ c^|sU^ak;|!*| 

'ix:'-:'^ ■ ^ > ; (Pigs 5 viVeveri though'the priginjsl high-speed jjirotoncpuld np^ 

y j ^ ! ^ ^ i ' ^he: MA- 1 06 Expei4ment shows t^^^ high-energy ccsmic:: rays c^use tte :;. ; 
^5;|f? btit nibre work must be:dori^^ 

^i^ *:^^^->r:^f^;!^;;^^ the flashes: ind to discoypr^ 

/; ^Will darfiaig^^ die brain. ciells in pepple on^lorig 




•i future^ 



m 



Bibsiackili 



In iHc^ibstack numbers of living brganisn;s^ 

:f ^^pdi^illS^OpO si^dsv and 30 pOO eggs— were stacked Jwith interli^^^ r 

of^ia^tic thai V^^ pass^gfe of cosmic rays. Bios^ck^n^ 
; : experiment: and was SMperyised by Horst Bucker 

;^ of ^M^ankfurti^^^ 32 Co^nvestigatj)r5:iro -^est ^pemiari 

^ ba^icidea;tpti^ 
eachxbsm phiticle through thiestifck froiri its efifectiia 
• ?i(c^liuici^ nitrate^ and ftx)n/the bl^kening of sj^cial jihotegra 

: ^ filitrthm « sensitive Ib particleJtra^^ 
eg^ t^e cosniic lay pa 
• eggs;tHat w<bre;pen^trated were'^^ 

::"'^liiat'effect:;thei^ •■; '}'-:r-'lH-'yX:,: :. 

;:'-.c*i:j\fi^rth 

;;vii(iev^ilop€d^ **dched;^ withrspdium^hydr^^ 
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Figure 5.3 Diagram of Biostack III with a cosmic-ray track. This sketch shows a small part ; 

of the stack^greatly enlarged. Each sheet of cellulQsd nitrate (CN) and Lexan 
« plaitttiq is about 0.1 millimeter thick. PVA stands for polyvinvlalcoholtja kind of 
glue used to stick the small sporest seedsi or shrimp eggs to the CN sheets. 
: The cosmic-ray track was Ic^sated from Its effect on each CN'^nd Lexan layer. 
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(NaOH), which dibolved , the plastic : where HZE particles had passed 
. through/ ThisN etching left small tubes through the plastic,4hat could be ^ 

■ examined under a microscope to see'which spore, seed, or egg had been * *hit' ' 
(see Pamphlet Vl), These spores, seeds,vand egg's v^eni lifted off the plastic . 
with a special micromanipiil^^^ seeds, and eggs that were 

not near; any cosmicrray traick vl^ere also gathered to be usedf^^ control 
samples.; In these control groups, 90 percent of the . spores formed bacterial 
colonies in -a culture— a warm jelly that stimulates the growth , of bacteria. . 

r' • Only 65 percent of the spores that were hit by cosmic rays formed colonies. 

' The seeds that were hit sprouted, but some of their plants had smaller leaves 
than the plants of the 



control group: About 90 percent of the eggs that vyere hit 
)f-:the-shrimp4arAgae->were-dcfonned. ; ■ ^ 



: hatehedrbut-fnany-of- 

These Biostack results-show that HZE cosmic ra^^s generally damage small 
livinjg organisms. The photographic film showed'ijiat many other high-energy 
partides produced **stat tracks'', where a cosmic ray exploded. If such an 
explosion occurred in a spore, seeid, or egg, it Would cause further damage. 
Further study of these results and similar experiments^on fu^^ 
^H:should show ho w cosrh ic ray s affect I i v ihg ce lis ,7iriciud ihg those in hu mans on 
loiig^paceflights. -/ ' 

"JUp" and "Downf'' for Fish /in Zero-g 

• I. ^ . ^ ■■•■■.■■,/ . . ' 

Like humans, fish know Which direction is down on Earth. They swim with 
their bellies down. Like humans, they get/ this sense of up-down from the 
, Vestibiilar^rgan in the ear, which * * fee Is' ' which way is down (along the force 
of gravity) and is responsible ^or a'sense of balance. Like humans (astro- 
nauts), the fish are confused wlieh put in a' zero-g environme>n. The i^;llifish 
y Hatching anci Orientation Experiment (MA- 161) was designed to measure the 
\\ degree of ^confusion and to learri whethei minnpws hatched in zero-g would 
V have less difficulty vy|th up-down. The niain parts of the vestibular organs are 
r small calcium granules, called ot(^liths. It was expected that the developinent 
of the otoliths might be retarded in!zero-g by the same kind of calcium loss that 
'is observed in astronauts after several jweeks in zero-g. 
' to verify this; the MArl61 Experinleut had 10 plastic\^ags of seawater 
containing eggs arid minnpws on Apol o-Soyuz (Fig. 5.4): There were^five' 
bags of eggs of different ages, incluiling one group that' was almost ready to 
: hatch arid oihibrs^ that jwould hatch oii E arth aftei" return . The; other five bags 
^ . contained minnows about 2 1 days old it the time of the Apollo launch. The 
minnowsin these bags had i>een ^*preconditiohed"; that is, they had always 
live^ in tanks that had stripes on the sifles, o/ nb stripes, _or; black overhead 



\-;' 
■•■v>- 



This was to test whether the fish used 
wafer on Earth, the bright sky is up.- 




heir;eycs to tell which way is up. In 
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Figure 5.4 MAri61 bags of ^Ish ;and, eggs in wateirv Each of the^^^^^^^ 

contained 1 00 eggs of one age group: Each bag in the iower rdw: contained six 
minnows. The first bag had a gray baclcground, the next two striped, and the 
next biack. Thel fish 1^ the fifth bag (iower right) were biinded.^ . 

Experiments had bieen made with minnows in ohe-g oh^arth usiag striped 
' cylinders that rotated ^lowly in the tank (Fig. 5 .5). When a vertical cylinder 
with vertical stripes was rotated; the niinnow picked ope stripe and^s warn 
alongside jt as' the cylinder rotated. In a horizontal cylinder. with horizontal . 
' ' stripes- the minnow would lean or dip in the direction of rouition. Rotating^ 

cylinders could not be canned on ApoIIo-Soyuz, but the minnows we^^^ 
before and after flight to determine whether zero-g had changed their be- 
havior. It had^^not.' During.flight. in zero-g; the astronauts.reporte<miat iaii the . 
minnows were confused at first. They swaip in loops £^nd circles, not Knowing 
which way was ddwn. After 2 or 3 days, the minnows decided that tneid 
side was "down'^'^nd swani with their bellies toward the wall of the Docking ' 
Module where the bags were attache^^ The fish in one Vag had been blindeii 
before launch, and they continued to swini in'loops and tircles, not knowing 
wliich way was down: 
Ten of the eggs hatched in zero-g. The young hatchlings also decided that^' 
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Orientation of fish in a rotating drum. When the drum was vertical, the minnow 
swam around following one stripe. When the drum was horizdntal, the minnov/ 
would roll or tilt in the direction of rotation, ; 

.-: ■.. ■ ,.. ■■■ ■ 'I ■■■■ !j ,. • 

the dark side of th^ir water-filled bag was down. The other eg^.hatched after 
Apollo splashdown, and these fish showed no effects of their time in zero-g::^ 
Several \yere dissected; and their vestibularorgans and otoliths were found to 
be normal (there was no calcium, loss). Many other tests we'r;e maide on the 
minnows and hatchlings, but npneofthem showedany effectSof the9days.in 
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zero-g. It was concluded by the MA- 161 scientists that fish eggs are unaf- 
fected and ihat 25-dayroid minnows adapt to zero-g about as quickly as 

humans;' '.■ • • ^ ■.*'.'■'■ 

Questions for Discussion / 

(Light plashes, Cosmic Rays, Zero-g) / 

13. if the astronauts had started counting flashes without waiting for their 
eyes to become adapted to the darkness, what en-ors might have 

their reports? [ \ . \ - ' 

14. The two astronauts reported 82 flashes in 93 minutes. If the rate had 
been/nuch higher, what kind of error niight have been made in the reports? 

15. If flashes were counted on the way to the Moon, far. from Eart^^ ^ 
would you expect the rate of flashes tp. . differ from that of the MA- 1 06 
Experiment on Apollo-Soyuz? ^ * ' i 

16. At any one moment, did cosmic rays come in toward Apollo-Soyuz j\ 
equally from all sides? . ; ^ ^ 

17. If cosmic rays damage and kill living cells, is it practical to build space |S 
colonies far from Earth where people would live all their lives^ . - ' . ^ . 

18. In Skylab, where there was much more room than in Apollo andv 
Soyuz, the crew quarters had a floor, a table, lockers arid refrigerators on tK \,. 
'walisi and overhead lights. In what way did the MA- 161 Experiment ere' \ 
the same effect' for the* minnows' bags on Apollo-Soyuz? • a •■ 

19. At home, on Earth, someone can tell you that your supper is "on the 
top shelf of the refrigerator." How would you tell an astronaut in zerq-g 
where his food was in a cabinet or refrigerator?.^ ^ . - . 



• In zero-g, liquids behave differently tiian they do in one-g on the Earth's 
surface/ When there is no do.wnward'force of gravity, other forces become 
important. Two of these forces in liquids are called cohesion and adhesion. 
Cohesive force tends to keep, a liquid pulled together in dropleWj^dh^^ 

.force tends to attract a I iquid along the surface ofasolid^ctrfngTh? surface as 
ail wets a metallic $urface. Unle^^tjiexohcsiveror strong.'two liquids 
mix better, in zero^gJ^eoausTthere is no gravity pulling the heavier liquid 
d^jriiZi^*liqtri3xan even be mixed with a gas to give a long-lasting/oiaw of 

^ small bubbles^ When the liquids are molten met^s, they can be cooled to form 

Mtiik^ alloys, ^^^^ / y: ^-^ 

As described in Pamphlet VIII, several new technpiogies are developing 
for zero-g. One is concerned* with handling liquids and gases aboard 
spacecraft— a matter of housekeeping in zero-jg. Others arei concerned with 
manufacturing SLiid processing in zero-g. These include Wo/ojj/ca/ proce 
such as separating different kinds of ceils.(eJectrophoresis iri^Pamphlet VII), 
c/iew'/c«/ processes such as producing fast reactions in foams and growing 
nearly perfect crystals, and wt'/aWwr^/ca/. processes such as forming unifbrtn 
alloys and making long, thin fibers. . - • 

Wetting, Wicks, and Foam in Zero^ 

Th.: istreiigths pif cohesive and adhesive forces depend on the liquid and the"* 
solid surface, if cohesion is stronger than adhesion, as with water on a greasy 
surface, the liquid forms small drops and does not wet the'surface. If adhesion 
is stronger than cohesion, as with oil on a steel surface, the liijuid wets the 
surface smoothly . All this is familiar in one:g; however, the strong foirce of 
gravity complicates thfc measurement of cohesive and adhesive forces for 

. various liquids and solids. Robert S. Snyder of the NASA George C. Marshall 
Space Flight Center therefore arranged three demonstrations for the Apollo- 
Soyuz mission. In the first demonstration, blue-colored oil was squirted into a 
cubical plastic cup. The oil quickly spread over the bottom and up the sides of 
the cup. The adhesive force^between tbe oil and the plastic is stronger than the 
cohesi.ve force of the oil. However, the cohesive force in zero-g could be 
determined by measuring the small amounts of oil that collected in the corners 
of the cubical cup. The tphesive force was able to resist the adhesive force in 
each corner because the adhesive-force along each face of the cube terminated 
at the comers. . - . . ' ■ ; ^ : 

The secpnd demonstration on. Apollo-Soy uz showed how well wicks work 
in zero-g; where the fluid being "sucked up" has no weight; Wick action is 
chie to the strong adhesive force between the liquid and the solid fibers of the 

. wick. For instance,,the wtok of a candle sucks molten wax up' about 5 



miHimeters, where it bums easily in the candle flame. A towel acts as a wick; 
when it lifts water off a surface to dry it. In j^ro-g, wicks can be used instead 
of pumps to transport liquids from tanks to wherever they; are needed- in a^ ■ 
' spacecraft.;,^;. ■■. •■^^^;; ■■■^ ' ' : ;r\-^ 

The: wick ddrnonstration. used four cUffcrent wicks, eacb;>10 centimeters 
long and I centimeter widei Three of the wicks w^^^ 
'wire interwoven in different ways: The fomth was made of iiylo^ 
was held in a frame so that it dipped into a plastic cup at one end. Blue'Cplpred 
soapy water and blue-colored silicone oil were squirted into the cu][)s, and theV 
motion of the ftuids up the wicks was tinied. Both the oil and the water mo ve 
up the wicks tnuch faster than expected, and the oil moved up faster than the ■ 
water, Timing showed that the stairili^^^^^^^ a Plain Dutch weave 

was the most efficient. ' , ; ' ^ ; ■ [ / • 

Some chemica^ reactions between liquids and: gases take a long time to 
complete because the reactions can occur only at the boundary betweeo^'the 
gas arid the liquid. The speed of the reaction can be- irlcreiased by making a 
foam in >yhich the gas-liquid surface area is vastly increased.' In bne-g, 
however, the foam 'soon collapsisis because gravity pulls the licjiiid down thi 
sides of the: bubbles and the bubbles get so thin that they break, / ; i 

The chemical-foam demonstration on A[x>llo-Soyuz used four diff^ 
chemicals that slowly react with Water and oxygen to change from clear to 
pink. After they were mixed in small plastic bottle and shaken to make a 
foam , the reaction turned the foam pink in pniy 20 seconds. In addition. to this 
demonstrated speedup of a chemical reaction, the long;iastirig foams in zero-g 
may be useful in manufacturing lightweight plastics and foam rubber". 

Multipurpose Efectric Furnace ^^^^^^^ ^^^^ 

An electric furnace to be used in working with molten (liquid) metals was 
designed and built by We.Uingho'usc for the Apbllo-Soyuz mission.. . Thie 
design of the furnace was based on an earlier model lised in Skylab. The major 
requirement was^ flexibility so that the furnace could; be used for seven 
different cxperiments to'melt materials as:different' as lead,"^^ 
;salt._- \ .■ .,":/ . 

• The small furnace and its control boxes are shown in Figure 6.1 . The^ 
materials for each ejcperiment were enclosed in standard-sized cartridges 
(Fig. 612), each''2. 1 centimefers in'iJiameter arid 20:5centimeters;long. Three^ 
such cartridges could be fitted into the furnace, w 

evacuated through a pipe leading through.the Docking Module wall to the 
vacuum of space outside the spacecraft. Electric coils heatei^ the bottoni erids 
of the cartridges to a coiitrolied teniperaturel-at high'as 1423 K (1 150- Q iri 3 
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MA-01 0 multS|>urpo8e Qiectric furnace and controls. The furnace is the cylinder Figure 6.1 
at : the right &nd is about 23 centimeters (S inohes) high and d centimeters (3 - V: 
Jnches) In diameter. The three cartridges are inserted throu^^iholos'ln the top. 

Jhe hot ends of the cartridges, which get as high as .1423^.K (1|150' C or 
100* F), araat the bottom of the furnace. : \ 



; hours or less. The top ends v^ere kept near room temperature (295 K, about jSS*^ > 
F). During heatup, the furnace used 205 watts of electric pdwerXAt constant 
temperature, it used only i'O watts. V T 

.-rrr-Afterheatupi the materials were ''soaked'V that is, they were kept at a high' " 
temperature for an hour hx more to homogenize the mixture of eIements..Tlien^__ 
they werexooIedAfirst at\a slow rate by just turning off the electricity J^nd theft 
at a faster rate by injecting some helium gas into the furnace. (The . helWi gas* : 
-c6nducted heat away fr6m the hot cartridge.) All these- processes^^ were V 
controlled automatically the control boxes (Fig: 6.1 )..Jlie astrbna_ut,iTr^rely\ 
; set the switches and dials for the temperature; soak period, and cooling ^ate \ 
needed for the experiment! The"^ time required for the various experiments . 
, ranged from 7 to 23 hoWs. i^fter the experiment \yas completed,- the astronaht ; . 
' removed the cartridges Vor return to the I^rincipal Investigator on fiairth and put-^ V 
~*/ih the next set of cartri^gesA \ \ - V 
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■ Thermal insert 
(graphite) . 



Stainless-steel Insulation.^ 
suppprt.tube— • \'S ■ V v 



•-Ttiermat. insert, 
(graphite) 



Figure 6.2 



X,. Thermocouples 



Furnace cartridge for the MA- 070 Experiment^ The heat i®yel«rat the lef t j8 at^-r-:; 
the hot (bottom) end of the furnacls, and the heat extra^^ * 
ciopl^&op) end. The three amploules cohtalned^differehtj mixes^^^^^ 
coo!lng^ The mianganese bismuth mix in Ampoule 3 cooled to. form a strong '■ ^ 
magnetic eutectic. The graphite ''inserts" and the insuliation c^ 
temperature gradient in Ampoules 2 and 3. ■ ■■*::. N / 
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As Figure 6.2 shows/the cartridges were designed.to give different temper- * 
atures in ''ampoules' ' at different places. The highest temperaturc ^vas•a^w : 
in the furnace ''heat levefer" (left side of jFig.,6.2,' bo 
Fig. 6.1). Inthe middle ampoule- there cqiild be a uniform low^ 
cr a change from the hot end to the cool end.(a thermal gradient), depending, 
on which insulators or heiit conductors >Yere«usey a^^ 
therxnocouples (electric thermometers) , one at each^ end. of the: furnace; 
recorded the two end temperatures versus time. From these^^m^ 
records of temperature and time, the Principal Investigatorknew exactly how 
his materials were heated j . soaked, and cooied. v • . . 

In one experiment (M A-044) that lasted 11 hours, an alloy of aluminum and ; 
.ahtimonyjwas produced. This alloy in in zerb-g was found to be much' r 
: more un iform than any made in one-g on Earth . This lalloy can be used id jtnake 
more efficient solar cells for convertiitg"sSnlight to electricity . In ^^t 
experiments .(MA-150 and MA-041) of jibbut the same du^ 
different metals were melted together to see hdw they. iriixed; Qetails of these 
three experiments and of the MA-OlO fumace are giyeit- in Pari1phle^;y 
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Eutectics For 



Zero-g 



any eute^ of 'two materials in which one 

ateoalfoms long, thin; pm through the pther/They can be made ; 

':b^( Vdirectiohal qoolirig' ' ojfVmoI^h mix; that i s, the mix is cooled from bg e 
to tfe other , This type of coolihg giv^s a bar with parallel fibers running. ; 
tKrdagh .it from one end tpwara^ the ; ^ 

. ideaAjj'iasto ma^^^^ clear fibers oVlithium^ 
V: in fibej: optics; L^^ 

, . reflected every time it hits thFfib^^ used to ; 

\ can>'; a-^ictur^^ around comers. Each small 

V fiber canrie s o picture element (tneDrightness bf\the picture at one 
Lktiy^usingS 

intensity, fibers can carry telephone conversadons more effic^^^^ 



ahan-electric_JAuresjiaxi.j 
; 7jih: the M 
and lithium 



1 



-131, Experiment, a mixt\jre-6t ordinal)^ 
uonde was heated to 1293 k (1020^Gyat!,9ne end; the tpm 
lure at the other end was belpw 1073 K (86d*'G),. which is thi^ melting point of;: 
"Sialti The cariridge was ^c^^ from thV tool end -as uniform 
; during the next20'hours. The longi thinflbersoflithiunl fluoride in th^^^^^ . 
; bar (c^tit in haV^for riTeasurements) are s\iWn in Fi^ 
Investigator, A^. University \)A(I;aliforniaatl^s;^ 

that the fibers ai^ remarkably uniiform, abo^itH micrometers (O.OOOr^ i^^ch) in 
diiameter-and'mdre than I millimeter long.,TJheir length is' moire than 250 tiirjes .. 
theirwidtii. These fibers, and theeutectic, w^ill be useful in work withlnfrared i : 

Ahotl\er eutectic was grown in Experiment MA-070^to make, strong mag- 
netsi: For this purpose, the fibers did not need to be veiy^longj but\they;di^^ 
need to be parallelWd uniformly spaced in the bismuth metal. The bismuth 
was cooled from right to left in Amjpoule 3;(Fig.*6^2). Th6 fibers .are theTihe 
lines near the top of Figure 6.4, which is an enlarged photograph bf a^ 

. the bar near the copl\(uiinieited) end. Measuremehts.hiacie ^ Principal 
Investigator, D., J^^arsbri, Jr., of the /GhimmV 
showed that this eutecticr would make magnets twice as strong as those made 
f com the material cooled^in one-g. More details on these tv/o experiments are 

• given in Pamphlet yill. \ - ^' Z , V ) f . i ■ 
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Figure6.3 Lithiiian fiuorids fibers in eutectic from the MA- 131 Expei^lmeht. The cut- 
through bar of salt (enlarged 56 times) shows parallel fibers lined up by direc- 
tional cooling from the molten state in zero-g. 
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Fibers in magnettc eutecticfrom Experimenf MA-070. No]fibers were formed In 
the largei'chunks/* The thin white lines at the iop are fibers In the mottled gray 

-.bismuth.'"'""* .*•■■■;■.■'■ 



Figure 6.4 



Crystals Formed in Zero-g | 

Cryst;ii«t are solids in wiiich the atoms are arranged in a re^^ular p'aitem or 
lattice like a stack of bricks; As a crystal grows Jintciratomic forces ide'ally add 
another layer of **bricks'' precisely placed on ^he pries already-in place. 
' Crystals can be grown by combining substances in a solution^ by f reezin g^a 
liquidv'or by condensing a v^i por on a s olid. For instance^.-yc u can see salt 
crystals form in saltwater as it dries or ice crystals form in water as it freezes. 
Large, nearly perfect crystals seldom form naturally. The solution, or melt, or 
vapor is usually stiVred, or is not uniform, or irfnbvilig irregularlyrsojthat a- 



. growing crystal becomes uneven and a.jumble of small crystals results. Even 

ns in jisl 

suitable ion is not deposited (resulting in a *ohole!') or when|some other Icind 



as a crystal ,grow&wit g.e,nefally develops imperfections in jts| layers when a 



of atom is deposited — like one oversize brick in a stack of jb^icks. Then the 
regular layers of bricks get but of step with the layers beneatli, and there is a 
—-structural defect^ in.the.cr/stal, ._ _ I; . 
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Crystals have become important in, i^odem technology. The.hardness of 
diamonds (carbon^crystals) makes them valuable' for; use. in drill bits,? and 
many other crystals arc used JFor electr^oiiic components in radios, television; 
andcomputerSi Scientists and engineers have made great progress in growing 
; large crystals under carefully controlled conditions ccmyection currents'H^ 
in one-g often prevent uniform, growth and'taiise stnictural defects. jFor this . ■ 
reason; three experiments on ; crystal growth in. zerorg were 'Scheduled on ^: v 
ApoUo-Spyuz, two of them* in t^4 MA-010, furnace.- , ' \ , . ' I \ ' 

The MA-060 Experiment produced almost perfect crystals/of 'germanium : 
6.5 centirtii?tc.rs long and mai:ked tiiem in sucJh a way that thefrate of crystsd, 
growth coLld be measured. Jthis ; marking wias ; done J>y^^^ of : ' 

electricity every 4 seconds while the germanium cooled froravl393 K (1120° 
C) at the hot end: The cool end was unmelted at 1231K (958^0)1 After being ; 
retunied to the* Principal Ihvestigkor?-xH:'-&^^^ 

Institute, of Technology ; the crystal was sliced • lengthwise^ and letched . with ! ; 
"'strong^'cidrFigure 6:5 shows the 4-second growth^ines,; starting at the edge' ; 
of: the unmelted germanium (top). The growth- sta^^ 
(where the lines get farther apart), and JeveFed off at about 10 micrometers per 
second. The 4-second layers, which are,0i04 millimeterthijCk, are remarkably 
uniform. Another experiment (MA-OSS-^^see Pamphlet: Vm^ 
crystals from chemical reactions in hot^ases.^^^^^^^^^ ■.::)'::■ j 
Crystals can also be grown-from chemical reactiohs ii soFution at Y-oom / 
temperature. In one-g, when.insolijble materials form in a chemical reaction, / 



they fall to \he bottom as a sediment. In zero-g,. the materials don't fall, and a/ 
crystal grows /in the solution. If all conditions are: very steady- and the^ . 
chemicals are' very pure, large crystals can be grown^ as;dermonstrated in 
Experiment' MA-028 on ApoUo-Soyuz, 




> The N4 A^028 reactor, a sealed plastic container with thfee cpmpartments, is 
shown jn Figure' 6.6,^ jpiire^: water 

1 separated fro ni Co nipart ments B and G by two cjgsed ve s 1 (In Figure 6 ,6 , : ^ ; 
the valve; to Cpnipartment B at left is ppen; the other ys^^^ 
Cbrnpartments B and G were filled with the' twd chemicals t^ , ! 

to yieJd ci^i^s. Several of these' reactors werelbolte^^ 
Com^^land\Module^ When allj Was quiet :Oyhe^ 

^Apollo's direction was fixed in sp^ce)rth&y^^^^ ■ 
end knobs, and the two chemicals spreiid through; the ] w^ mix in ; 
Compartment A. The; astronauts; watched aivd photograph^ ) 
they forrned. ,Later», vyhen the reactors were returned to; the Princ ipal ; Inves- 
tigator, M :D'7 Lind of the Rockwell Inte^natiQI^ai Science Ce^ 
graphed the crystals shown in Figure 6.7. This fir^attemptat growing perfect 
crystals from solution in zero-g produced 5-millime^ 
tartrate and '0.5-nriillimeter"cii7stals of calcium carbonate ^^^^T^^^ 
taken in Apollo show how tHe. reactors may ;be, irA 
■ I crystals, on- the next .try. 'T'!-'" V^r;^J*'' ' \' V 



11 



Ft II port caps (3) 



Valves: ■ ^ , ; 
, . .Closed ■.. , 




Clamp ring 
Vajve handle . 



CompartnriHnt A 

'c Tipartment C ; 
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Figure e^ei- ' Diagram of the MA^028 reabtor. The three compartments were filled before 
■ launch through the "fill portsV on the top. the crystals formed In Compartment 
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The MA-028 crystals grown in zero-g 
as long as 5 millimeters. 



. These crystait of calcium wrtrate are . Figure 6.7 



on 



Ouestions for Discuss 

(Wetting, Foam, Furnace, Co'-'^t^^'s) 
, 20. "Oil was squirted into a plastic c up in4ero^g and started wotting up the 

'21. Oil moved up the wick faster than water in zero-g. What foilpes acrount 
for this? 

, 22. Gravity pulls the liquid dow;i l^he side of a bubble ia one-k until the 
bubble bursts. In zero-g, this doesn't Ijiappen. How might a bubble\|n zero-g 
burst? 



/ 

23. Which A'ould heat faster in the e 



ectric furnace: 50 grams of aluminum 
or 100 gratWs of lead and gold? Whicti would cool faster? 

24. Why |vas there a vacuum in the M|\-OiO furnace casing during itsi\^e? ^ 
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25. Crystals of many minerals split al^g **cleavage planes," which are 
flat or offset parallel surfaces that run straight. through' the crystal parallel to 
the layers of atoms. In the stack of bricks used as an analogy, in Section 6D, 
how would the cleavage planes run? ; . 

26. ' Why were very pure chemicals used for growing crystals in Experiment 
MA-028? 



ERLC 





Illlllndiip 



bi^^ Topics (ij^rtswers tQ Questions) 

v; ^ i^KSec^ 2^ longitude. The Earth rotates eajfvvarf/ . 

KJ^lSf/hr; therefb^ hours 7arer than GMT; (the 

: ; it^^ at 6° longitude))The cosmonaut supper at 10:55 p.m. ; 

, ; INIoscow tinie^^ If you live in the eastern ! 

i : -standard time ii^.New York at 74° W longitude— the 

; ! supper started at 3:55 p.m. eastern standard time, which is 5 hours ear/fer than 

mountain standard time, and 12:55 p.m. Pacific standard time. Because the 
AjJollorSpyuz flight was in July, all these standard times were replaced by 
. daj//g/ir tinie hour later than standard time. So the supper began at 

: • : '4:55 p.m.:eastern-day^^^ p^in. centraldaylight time, 2:55 ;p.m. : 

: mountain daylight time, or 1:55 p.m. Pacific daylight tinie. ' 

V 2«;'(Sec: 2E) It was necessary to keep the Soyuz oxygen-nitrogen cabin 
atinosphere at two-thirds norxnal Earth-surface (atmospheric) pressure arid to ; 
keep the Apollo pure-oxygeri cabin atmosphere at one-third atmospheric 
presisure. 'i;he Docking Module atmosphere alternated between the two. If 
; therel had been an open passageway, neither Soyuz nor Apollo could have 
maintained the proper pressure and oxygen content for astronauts, and cos- 
monauts to breathe naturally. Actually, higher pressure would have opened 
leaks in the Apollo Command Module, and higher oxygen content would have 
^bn a serious fire hazar(| in Soyuz: - ■ ' = 

3. 0acl 2E) The- Apollo spacecraft weighed 14 900 kilograms, and the 
touiilaunch configuration (Fig. 2.2) weighed 588 000 kilograms. The differ- 
V ^nce, 573 lOOO^ilograms, was mostly fuel for the launch; Without consider- 
the^ightdf the booster tanks, the adapter, and the launch escape system,^ 
ittoqkabout38kilogramsoffuel(573 100/14 ,900 = 38) to put each kilogram 
of the Apollo spacecraft into orbit. The same calculation for Soyiiz is 
(300 000 kilograms.- 6750 kilograms)/6750 kilograms = 293 250/6750 = 
43 kilograms of fuel for each, kilogram of the Soyuz spacecraft. 

T' ■ ■■ < -i ' " ■■^■ ••^■"^■^r-/ ' ■ •'■ • ' 

• .^.;(Sec.r2E) If an unarichored asijronaut in zero-g pushes on a cabinet door 
^(or^'nything else)' he pushes himselt away from it and goes backward across 



-the-eabin-tO'bang-against-tl)eJopp<5isite-:wall. ^5x- , ■ 

5. (Sec; 3D) The strong gravitjf of .a Neutron StEffTJuIIsjCaccelerates) gas 
atoms — mostly hydrogen atoms-tKat break up (ionize) into electrons and 
protons. When tbey hit the surface of the Neutron Star; they emit x-rays just aK 
the high-speed electrons in a dentist's x-ray machine do. 
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6, (Sec. 3D) The Earth's atmosphere^'scattersjsunlight «o tfiaf the sky is blue 
rather than black, as it ii^Ln-Space/Tji^ s^u!^^ isvmany tiinesr:: 

brighter than the Sun' s corona. Therefo\e , : even though" the chimney Avould^ 
block out the direct sunlight, the sky background would outshine the corona. 

?• (Sec. 4C) The Earth rotates 360° each 24hours^or^°;every.4 minutes; 
The Sun is 0.5° in angular diameter as seen from Earthy so it takes 2 minutes 
for the Sun to sink below the horizon. Apollo-Soyuz moved 360° around the 
Earth in 93 minutes, or 3.9° each minute. As\ seen from ApoUo-Soyuz, 
therefore, it would take the Sun 0.5/3.9 = 0.128 minutes bi: 7. 7 "seconds lO; 
disappear beneath the horizon. ■ y-'.-:- r-''^.^--:.-/--^ \:-:''-: 

8. (Sec. 4C) The increase of atmospheric density toward the Earth's surface 
in Figure 4. 1 causes the atmosphere to act like a prism of glass (thicker at the 
bottom) and bend the light rays by refraction. It bends blue and green rays 
more than red rays; thus, the view of the Sun from point 4, would be colored 
like a short rainbow, mostly red. . ' 

9. (Sec. 4C) Smoke from factory chimneys is warm and rises slowly by 
convection. After a ohort distance (a few hundred meters), it cools and is 
dispersed by winds. Case::; from a volcano are much hotter and shoot ^upward ^ 
at such. a high speed that they reach the stratosphere (35-;kildmeter altitude). 
Chimney gases seldom get that high. ^ • i i 

10. (Sec. '4C) In Figure A.l, is :he height of the cloud. The view from 
Apollo-Soy uz at a projects the cloud at a different place on the Earth's surface 
than.does the view fromi?. The distance between these two places on the : 
surface can be measured on the photographs. Then V222 kilometers = ^/60 
kilometers, approximately. 

11. (Sec. 4C) The line pf sight from Apollo-Soyuz is tangent to the sea 
surface at the horizon h , which is r = 6378 kilometers ifrpm the center of the! 
E^hC. In the right triangle CAh in Figure A.2, Cy4 =; 6378 kilometers -I- 222 ; 
kilometers, Ch = 6378 kilometers, and t hedistancolft = J canbc calculated 
fromtheformula«(:^2 j2^^2 or t/ = /60OO2 -T 6378^ == 1700 kilometers. 

12. (Sec. 4C) **The one thing I noticed was that ... . line on the left up near 
the end . . . niakes a beiid to the left arid follows a new, tectonic line or fault ^ 



which goes along parallel to the Turkish coast. Iit^other words, the one on the 
left, nymber 1 , goes up . . .'and then makes a left turn and parallels the Turkish 
coast. [Number] two seems \j0 be obscured and it just ends in a lot of jumbled 
country . . . and it seems to end right in this jumbled area. [Number] three, I 
could trace clear up to a rive^r which— I'll have, to see a map later.- Butj cbuld 
trace the faults out, going rather eastward. You qould see them through the 
valley silt, clear up to a river which must be inland in either Syria or Turkey. 
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^fi;;^i;-:;iSo"ihe overall pattern of these is a fan; [number] three going almost eastward, 
\i ; v^;^^and [number] one bending finally to the north, and [number],two going'to the 
-liMliM^rtheast:V. (yerb^ comments made during the mission by Astronaut Vance 

. ' T^^^ on the color wheel. 
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Surface 



Height of a cloud determined from a pair off Apollo photographs. jTwo similar Figure A,1 

triangles are ffbrmed by the distance ab along the Apollo-Soyuz orbit and the 

distance don the, ground. ■ ~— — c / 
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• ^: ; :: have missed sbnwjb^^ 

L;L_ _^:^-j]asfaes at thci>e 

Ite same eye sensitivity: to ? ' " : ;^ 

14. (Sec; 5P) If t 
two'or tfee flashes al.nost at once and think thalhe sdw only phe^Jhd 
; woiild repoh fewer thin the actu^ 

/ , ISc (Sec. 5p) Far from Earth;*cbsmrc rays ca^ all si(ies. There: 

:f is no liarth nearby to shield;oiiej;s^^ 

there would be no magnetic field to; concentrate cb^^^ 
as there vyas in the KlA-106;Expcrim^^ 
: twice the averagerate of flashes reported in tK Expenment or two to 

% three flashes per niinute (as observed on A^^^ 

16. (Sec. 5D) TheEarth is an effecdve shield; thereforei there: were never 
\ ; : any; cosmic rays cbming up from Earth towards -"V^^ " 

; 17. (Sec/ 5D) Each of the space colonies pi^ 

Princeton University and engineers in the L-5:Soipiety;; wh 
space colonies (1620 North Park Avenue, Tucsbn;'A^ be 
protected from cosmic rays by a shield of! lunar rocks /Th is tb liaye 

rocks irom the Moon thrown up to the ; space colony by ; a * * launcher" that 
would be operated by a few hundred men carried to the Moon by spacecraft. • 

18. (Sec. 5D) The floor, table, walls, and li^ht from the ceiimg in the 
Skylab crew quarters ; gave a visual impression ot ! *up' ' and 'rdovv n;": A 
similar visual impression was given to sbriie of the-fish - in th^ MA- 161 
Experiment by painting stripes on their wa^r-filled!^ ; ^ ■ : 

, 19. (Sec. 5D) In'sero-^, there is^ np^'ujpV or Vdown;V^ 
**bottom." The location of something in a cabinet must.be described by lising 
coordinates such asjc and}; marked on the side of the cabinei. This difficulty 
has-been noted by several a:^tronauts. • ; ' ; ^ ; . 

\ 20. (Sec. 6E) Oil wetting the.cup in zero-g will go right over the top edge 
and down the outside of the cup until it covers the entire suriface, 

— i-l;;- {St r-<3E)^-The~ad^icsive-^fpree-betwen--ail~and^ 



'stronger than the adhesive force between water and the wic 

' 22. (Sec. ;6E) Bubbles in a foam last much lohgefirizerb-^ 
, but they eyentuolly burst because' of thennal motions of the mplecules and 
evapc)ratiori\bf the thin Mquid films. . ; 



\ ^ 23. (Sec. 6E) The more massive cartridges would require abdrlt twice as 

^*>Jt ^ much heat energy. The power (heat input per second) is limited to 205 watts; 
' ) t : there fore; the heatup time would be about twice as long. The same reasoning 

ri[^lieslolfie^co5a^;^ is"proportional to the-- 

: : ; - < difference- in t and their surroundings. 

24, (Sec. 6E) The vacuum around the three cartridges in the MA-010 

- : fumac^ icasing prevented heat loss by conduction and convection. Loss by .: , 
' radiation was prevented by silvering the sides of the vacuum chamber. The 
: • : - remaining (10 watts) heat was lost through the insulated support of the heater 
^ an4 cartridges arthe top of the case in Figure 6.1. 

/}S, (Sec. 6E) If bricks are stacked one on top of another, there are three, 
* cleavage: planes: up-down lengthwise, up-down sidewise, and horizontal. 
' They are perpendicular to each other and can form a cube of bricks. The , 
- cleavage planes of the sodium chloride crystal (salt) are similar, anrfthis type 
of crystal is called cubic. 

26. (Sec.: 6E) If the chemicals used in the MA-028 Experiment; were 
contaminated with other compounds, odd atoms might be deposited in the^ 
crystal layer and cause structural defects. 




i;v;;,^Rbwersof\10;,\ 

V.-''' \\\\ 



\ 



Intemationai System (SI) Units 



; ; : j v : j;Namesv Symbols, ^ SI units used ii^ these pamphlets: 



Quantity \ 



Name, of unit 



Symbol.^ Conversion factor 




Distance 



- \ \ 

meter \ 



Mass 



kilogram 



1 km = 0.621 mile 
1 m= 3.28 ft 
1 cm = 0.394 in. 
1 mm = 0.039 in. 
VI /xm = 3.9^x 10"* in: =10^ A 
1 nm - 10 A 



kg 1 tonne = 1.102 tons 
1kg -2.20 lb 

1 gm = 0.0022 lb = 0.035 oz 

1 mg = 2.20 X 10-« lb - 3.5 X lO** oz 



Time 



A\ second 

\ \ 



\ 



sec 1 yr 3.156 X I O^ sec 
1 day - 8.64 X 10* sec 
1 hr =: 3600 sec 



\ 



Temperature 



\ kelvin\ 



Area 



\ 



y square meter 



\ Volume 



cubic meter 



K . 273 K = O' C = 32° F 
. 373 K - lOOP G = 212\F. 



^m' 



m" 



1 m^ = 10* cm2 = 10.8 ft^ 



I m^ =^ 10« cm^ - 35 ftf 



7 Frequency 



hertz. 



Hz 1 Hz = 1 cycle/sec 

1 kHz = 1000 cycles/sec 

—. r— l"-MHz-=^l 0^ cy c les/sec- 



Densfty 



kilogram per 
cubic meter 



kg/n?3 ' 1 k^m^ = 0.001 gm/cm3 ; 

I gm/cm^ — density of water ^ 



Speed, velocity 



meter per second 



"^m/sec 1 m/sec ^: 3.28 ft/sec 
1 km/sec = 2240 mi/hr 



ERLC 



\ Force 



newton 




N ' .p N =>^10^ dynes = 0,224 Ibf 



\ 




■ • / 

/ • 





: .jiNaine oi unu" 


' Slvmhnl ' 


■ r^nnvprcion fflrtnr ^ 


, Pressure 


newton per square 
meter 


" N/m* 


1 N/m* = 1.45 X 10-» lb/in'« 


'^^Energy 


joule 


J 


1 J = 0.239vcalorie , 


• vPhoton energy : ^ 


electronvolt 

f 


eV 


1 eV ='^1.6o\^ 10-»^ J; 1 J = 10^ erg 


Power 


watt 


W 


1 W = I J/sec \ 


J Atomic mass 


atomic mass unit 


amu 


1 amu = 1.66 X 10'" kg 

\ 


Customary Units Used With the SI Units 


- Quantity , 


Name of unit. 


Symbol 


Conversion factor 


■ Wavelength of 
-1 light . 


angstrom 


o 

■ A' 


1 A == 0.1 nm = 10-^^ m > 



Acceleration 
of gravity . 



g 1 g = 9.8 ni/sec2 A 



.IS ' 

Unit Preifixes 



'Prefix- 



Abbreviation 



Factor by :which^ unit ^ 
Is multiplied 



tera 

giga" 
mega , 
kilo . 
hecto 
centi 
milli 



micro 

nano 

pico 



T 
G 
M 
k 
h 
c 
m 

n 
P 



10»* 
.10» 
10« 
103 
10* 
I0-* 

10-3 

io-« 
i6-» 

10-'* 



\ 



Powers of 10 


"i 




Increasing 




Decreasing 


102 =100 




10-* = 1/100 = 0.01 217 ~: 


103 = 1 000 




10-3 = 1/1000 = 0.001 ' . ° • . 


10^ = 10 000, etc. 




lO--* =1/10 000 - 0.000 l i etc. ■ : . 


-Examples: - - 




Example: , ' .■ 


2 .x I0« = 2 000 000 




5.67 X 10-V= 0.000 056 7 : 



2v X ! 1030/= 2 followed by 30 zeros 
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^^efererices;^^^ questions) vfigures.lan^ 

Ol^ the entries: Thosein italic typeare the most Kplpm^^ 

■ iqhesivete^ attraction between t>yo different substances at the bdiindary 

n%f^tweenUhe r;\:;-'" ^'^' W/ ■■^^'■^ 

H alw^ un iform ■ ni ix of two or ropre metal s cthat have^ be^ '"c!^^ tog's ^^^r , 

% -'^'^^c^^ /. ■ ■ -X '-^^^^ 

:]J ; funiace: Eac contained a sample to be: heateB,\t^^ 

^■'■■^^^tu^n ''v^'^T^^-'^a^i'^^^^ ' 

ajjwgee the . point f^ iriiaii elliptical orbit arp^ 

•enlairge or circulanze^the orbit, a'spacecraft's thnisteriiturnei^^^ 
:to give;it;increase^^ 'speed.:'(SeQ/ ZG^Fig. 2.4);-.:'[-^ 
: Aiwllo^s^^^ spacecraft/originaily designe^^ 

. Mboh-Alt consi^^^^ of a Command Module attached to WSe^ 
■ Foir thd Apollo-Soy uz m Wbobking Mc^yle^ 
CommaUl Module; (Sees; 1 .1 A. 2^o2G.3Ch5A;^. A;h^^^^ 
' '2:2!: 2:4)\; ■ \ A'' ■ ■■ 



'\^i2./v ... . . . .„ , ........ , 

latmosphere gases around 

: mately : Sdperce nt nitroge n and 20-perce The dens ity anA pre s-. 

sure ,d^^^^ altitude>^d are barely, detectable /af^^ 

- icUbm^ 3; 3C, 4. 4A; AgpGA.; nos. 6v;8; Figs;4;l . 4;4) C^m^ { 

\ii/mo5/7/zere\inside the Apollo spacecraft differedirom^^t^^^^^^^^ in Soyiiz, which ^ 

was the same a^s on Earth at K^a level/ (SecSv2Al;2b; A^ -^^1: 
bismutH <Bi) : ^ metallic; elem^t. atomic weight ;2p9; atomici number 83^ 

Aralcnce 3 ork, meltihg^pbint 544 K (271°,C). density 9^8 gni/cm|. (Sec: y 
' : 6C; Figs. 6^;^, 6.4; Jable 3.1) ' ■■■^ 

booster rocket The & a spacecraft "(Se^^ 

■;;::;2B,:2C;Tigs.\^^ •■ ' '''- '.^^ 

calciiiin a chemical element needed to make bones in animals and fish J (Sees 

■j:,lA.5,5C)^:|'-.,..-: ■ t"-M7'-^ 
cartridge^cylinde r contiaining one or more ampoules filled with material to\^ 
' , be hdatedJ in thy4A-OlO fumaceTThree cartridges tit into the furnace^ 
, ;^^heri (Sees. 6B, 6C; App. A, nos. :23. 24; Figs. 6.1, 6.2) ^ . ; 
; cohesive^terce the\force at the of a liquid that pulls the iliquid 

together (Sees.; 6; 6/4) '■ r^p^ : ■■■-r'^'' 

.Command Module Vhe pari of the Apollo spacecraft in which th^ 

i iiVed and worked; attached to the Service Mpdule until reentry 'int^^ 
, ^ , "Earth's atmosphere. (Sees. 2Av 6D; ApprA;/npi ;^; Figs. 2. 1, 2:^) : 
cbhvectipn material motions in a fluid. In one-g; it is the up-arid-dowrr drafts 
in a liquid o^ gas heateid from beloW, (Sees:: ,2D; 6D; App:, A, ribs. 9, 24^ 
■.;Table:3il) "'"- ^"^'^ ' ' ' "'■"'■"'^ 





vcoi^ ^/vast; lo>y-densiiy;clpudof^ 

' is alwut orie-miiiiphth p^^^ bnghlness. j[Secs, 3,f3G; AppV A;no.;6; v?^ 
.;;:;:.;Fig. 5:f;.T^bIe 3.1) '■\ . . V / ■ S ;_.,>>^^ ; " 

cosmic ray an ex High speed ion. Soljaurcosniic Ta^^^ 

the Sun; galactic cosniic rays arrive; from all directions. (Sees! 5( iip ^^ i ; i 
■^^^App:.A.'n^ 3ll^';;i^--: -0^^^^ 

.ciystala solidicomposed'of atoms or ions or niblecules arranged^ . ;/ 

, . repetitive paiterri: The ^hape of the crystal is relkdd tp this 

cyciotroif a niathine that speeds up lions to veiy^high kinetic 6ne^ 
I pulses of electric voltage7-(Sec ■ 5 A; Fig;; 5,1 ) ; ; ; r ° ' ' ; ! ' ^ I 
'■ deltaa trianguto-shapedareaof sedi^^^^^^ 
\: '.jntp aisea; ■(Sec/4B;"-Fig.::4.6)/ ;\''-:^^^ ^-y^v^-VH > '^'^'^^^ 

dock to seal tw| spa cecra ft toget^^^^^ drbit .so that cabin atmosphere vyill not/ 
leak put and crewmen can move from one sbacebraftto.the ptHerl (Sees. iV 
■ IB, 2A-to 2Cl IE,- 3C;:Figs:-2.l",/^.3);-;: j: ■'^'•'[:-^^ ^: 

Docking Mqduile a special compoherit added to the Apollo spacecraft sb tha^ 
it coiild be joined with Soyiiz. (Secsi.:2.4, 2B^3G; App: A;.no; 2;Figsi 2:1 j 
. 2.2): See Pamphlet,!.; : y-l-y^' • ., ^' 

Earth third planet from the Sun.; 149 600 OOT kilome^^^ 
nearly a sphere of 6378-khpmeler fadius, ;6 x lO^^^kiiogram ma^ 
' ■ lEarth is accQmpanied by'lrfie Moon/) a^ 
ijMoon distance is 384 405 kilomej(eri5:;(App!^^ 
eclipsecoveringabrightobject with Ada^^ the 



[o covered the Sunfor Soyuz.:(Secs. 2A, 



Sun is covered by the Moon. Apo 
\ 3pffigr3.3;.Table':3.1) ; ;;j . - 

ecliptic the.line in the sky along whH:h the Sun appears tp move eastward 360' 
iii a year. This line represents tjne plane of Jche Earth's orbit.: (I^ig. 3.4) 
ellipse a smPoth, oval curve accurate ly fitted by the orbit of a sale llite around 
. a much l^rge^^ [ 
r^nergy-tiierxapaBnity^f rays have high 

kinetic energy (l/2wv*) which is released by inrapiacts when a cosmic ra; 
j2ak£SJhrQUgliJUiM<^n^ materialL(Secs::5 to :5B^ 



eutectic a mix of two materiMs^ lhajt hasV^ 
material alone. When ihe^ molten /mix souHifieisV^ a! 
: regular pattern throughout the olhfcr. (Sec. (5C^Figs; 6 to i^4;;Tabk 
fibers long threads of one subsitance mnning throu^gh; another ^^^^ 
i Fibers can be formed by dirie^ctional cpoling of a molten mix; (Sees 

Figs, '6.31^ -6:4) i . , ; ■r\.:-V-- ,•■ 
foam many small bubbles of gas in a liquid that has low cTohesive force. (Sees. 
: 6. ;6A; App. A; ntf;22;;TaW^^ : ; ' ; i : V -ii i > / 



70 



mm 



^^KililiiSiiillW 



' ^ ' ' ' 1\* ' ' galaxy |a vast^/a 

5' elementi atomic wieight 72.60;;art!pmk: niimber;^^ 

. . - 4^^^ (958^ C), density 5^4; 

U/^i : fomis cry sfeis that are used , in elecubiiic^: .(Sec;^^ 

:Greenwichm timcbf anWent, froni^Oat'iiyd^^ 

•j ' I r hours at n9on to 24,; hours i at midnight, as measured jat! 0^ ;^16hgitude ; ; j 

I ; ; !\ ;(Gre!ehwich, .nea^ 

V I heatiSjsveler a graphite heated in the MA-OiO'fumfice; itkept tlie^^^^ 

:J v j - iojwer 5 centimeters of each Ct'i!tpdge at a unifonn temperature. (Sec. 6B;^ o^ 

%' :.; ::7:;;|;;.Kg::^^^^ j;; ^: : : . i; r,. . :-,^?:V;'-f ^ ''^^ 

/. r i ; i i HZE partkles; cosmic rays with high and high kinetic : : 

ijr;- energy E; ^atbrnic nuclei of atomic numberZ greater than 6 iand energy £ i 
■ y i ; : ■ i ^^ greatfer than; loo m^ ; ■ j i ^ ; : 

i Jpris moms with one or moi^i electrons removed ori morej rdrely,; jadded. 
; - I; y ; Gosmicrray ions have all electrons removed and ionize: other atoms as they 

II ^ ; ■ ; ; pass t^ spee3><(Secs/5A, 60; App.i A, no.>5)^r^^ 1 ; i ^ 
; r : : ■ : JSC the^^N^ Johnson Space Center in. Hou stoh] Texas J ai^ 

' i ' : Mission Control Center for A^ 3A;:Fig:|3:i)<f| :;: * ! 

\, ! : : r KSC the NASA'John F. Kennedy Spice Center at Gape CanayeralvFlorida, . : 
W ' : i where^^ was launched on July 15,- 1975.. (Sec. 3A; IfigJ 3|^^ . ^ 
: : / 1;; V JauRch cbnfi^uratioii ths combination of boosters; spacecrai^, aiid launch 

vKj ;; ; ; ; ' ; -jeiicapc sy^^ grotind at launch. (Sec: 2B; App^ 

^ • ^ ; ; i "^l^ ^ vl^ikfl^ seen with the eyes clQsid when a high-speed ion 

H i ! i ■ ?-\: : ^ .»'ipasses through the eye. (Sec/5/l^App. A/nbs:; 13 t6"45;.Fijgs.;5.7^^^ 5.2; ; 

• ■ iHght^year the distance 4hat light^ravels (at 3 |x IC^Wsec) in 1 year (3.15 x ; 
ii^^HO^: seconds); One light-year = 9^46 x 10*^ idlonnietersl ajlw 000 
^^itimes the distance ^ to to Earth. (Sec. 3By * ^ ;;v .vi^^: : 
! lit hiuni fluoride a suljstance Whose cl ear crystals tiraii s m it both! u Itray iolet ^ : 
TrrTFandlnfriarediigh^^ ' ' 



; MA-XXX the number assigned to the experiments on Apollo-Soy uz. f^See 
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magnet a substance that has the property of attracting certain other sub- 
stances. Some metals can be magnetized to attract other magneti^ metals^ 



(Sec. 6C;Figs. 6.2/6.4; Table 3.1) 



: magn 'tic field; (Sees. 5, 5 A; App 



Such a magnet has ^ magnetic field, a 



region around it where there are forces on othermagnets. The Eilh has a 



A, no. 15) 



i^lSiilky Way Gahf|iy S;disk-shaped grpiip of more than 100 billion stars, \7 

including the SiA; There^zlre' other/g^^ outside the , Milky Way 

^_;Gal^y.•($^c7%|^^ ■/■■;■■;.•:'•■.■ i 

Mission Control Genter,ihe opisratipnal headquarters of a sp^ce mission. For 
Apbllo!:Soyuz, there were fwovoiie in Houston and one in Moscow. (Fig. 

MSFC the. ^AS A George C. Mdrshall Space Flight/Center atHuntsville, 
/ Alabama^(Sec. 3A;.Fig. 3.1)/ ^\ 
MSFEB'the'f^AsX/Manned Space Flight Experiment Board that decided 
which of the proposed experiments would go on Apollo-Soyiiz. (Sec. 3A; 

. Fig' 3.1).: /■ ■■/,,' - .1- T - 

multistage launch the launching of a space vehicle that involves two or more 
-stages; After the first-stage bposter uses its fuel, it , is discarded and the \ 

second-stage booster is fired i When the second-stage fuel is gone, that 

booster is discarded, and so on. Such multistage launching gives very high 

velocities. (Sec. 28; Fig. 2.5) 
Neutron Star a collapsed star of very high density, formed almost entirely of 

neutrons (protons combi'ried with electrons). (Sec. 3B; App. A, n6?5\ Y^ig. 

3.2) ■ -'l^- - ; ■ ;., : , ' ■ ' ; ' i ' . 

onerg the downward acceleration of gravity at the Earth's surface, 9.8 m/sec^. 

In ah orbiting spacecraft, everything is weightless at zero,-g. (Sees. 5^!, 6 to 

6E; App. A, no. 22) "\ ; v ' 

orbit the path followed by a satellite around an astronomical body , such as the 

Earth or.the Moon. (Sees. 1 , 2;to 2B, 2C, 2D, 3B, 5A; App. A, no. 7; Figil. 

2.4, 3.2/3.3, 4.1,5:2. A. 1) ' ; • 

perigee the point closest to Earth on an elliptical orbit around the Earth. (Sec. 

2C;-^ig. 2.4) ; ; 
Principal Investigator the individual respohsibie for a space experiment and 

for reporting the results. (Sec. 3A; Fig. 3.1) " , . :l . 

pVoton a positively cldarged atomic particle, the nucleus of the hydrogen 

QXqm. (Sees. 5, 5A; App. A, no. 5) 
pulsar a pulsating condensed star of a type first detected by^regular iTsecond 
. pulses of radio waves; nowthought to be a rapidly rotating. Neutron Star \ 

with a !'hotspotVVon onei side. (Sees. iB,::^D; Fig. 3;2) \ 
radiation a term used loosely to include cosmicTray particles and high-energy ^ 
. protons, as well as penetrating electromagnetic waves (x-rays and gamma • 

rays). (Secr5A;,App. A,Tio. 24) ! " 



raaction^ chemical a chemical change that obcurs when two or more sub- 



stances are mixed, usually in? solution.; (Sees, 4A, 6A, 6D) 
reaction ^ physical a force defined by. Newtonvs Third Law. Reaction 
motors— iLosters (Sec. 2B) ind jets (Sees. 2a\ 3C; Fig. 2. l>--produce 
thrust by reaction force. ^ j \ 
reiictor a transparent container for chemical reactants, photographed as the 
/reac'ipts produced crystals for the MA-028 Experinient.;(Sec, 60; Fig. 



16.6) 



.refraction the bending of a/ray of light where the material that it is piassing 
through changes in density or composition. (App.l A, no. 8; Fig. 4.1) j 
rendezvous tlie close apprpach of two spacecraft inlthe same orbit so that J 
■J docking, cani take ^ace. (Sees. 2A, 2C) 1 ! _.. 

rift a crack or rfaulf in the Earth's crust, where one side has slipped alohgj 
the other, or]tow4rd or awayirom the other. (Sec. 4fij;*Fig. 4.8; Table 3. 1) 
salinity the percentage ^'content of salt in seawater. (Sec. 4B ; Fig. 4.5) / 
sealing rings niechanickl devices designed to fit tightly^ when two spacecraft 
are docked tt^gether so that cabin atmosphere will not leak out. (Seel 2X; 

■ Fig- 2:1) -I . ■ . V r ' ] / . " . ' •\^-V — - '] -I 

Service Module the ,large part.pif the Apclio spacecraft, attached to the 
Command ModuleTuntil just liefore the Command Module reenters the 
EiL^h'satmdlphere. (Sec. 2A;Fig^-2.l. 2.2) ' ' 

Skyiab -> vei7 large space workshop that NASA put into orbit on May /1 4, 
• ' 1973. It wa&^ visited by three astrbnaut crews who worked on scientific 
experiments lin space for a total of 172 days, thi last crew for 84 days. 
(Sees. I A. i?l^2Ar2b, 3,- 5, 5 A; 5D, 6B; App/A;no. IS) . 
■ vsolar panel a winglike set of cells that convert sunlight to electric power. 

TSecs. 2|6B;Fig. 2.1) f [ \ ' ^ ' ' 1 ^ 

\ Soyu7the Sovjeit tw6-man.spacecraftl (Sees. I , I A, 2 to 2C, 3C; App. A, nos. 
' . 2, 3;Fik^2|/ i2.2V.'^) "... \ \- ^ 

spore a small ie'ea-germ that can grow into a niicrobe or a plant such as a fern. . 
? (Sees. 5, 5B; Fig, 5.3; Table^3i^! ) ; ' ■ 

star a very hcit ball of gais with an energy source near the Center. Normal stars 
Jre like I the Sun, abOut 10*^ kilometers in diameter. Blue kt^rs are much 
5 Hotter tHar :ht Sun. Giant stars are 200 times larger and White Dwarf stars 
' IlpO iim|.s/sm^ller than the Sun^Neutron Stars and Black Holes are smaller 



SI ill. (Sees. ;2 



STDN the'iNAiSA Spacecraft Tracking; and Data Network of radio stations ail 
ajound ^he jlvorld tor communicating with spacecraft. (Sec. ^ ' 



strajtospherera 



above thleJur -ace where the temperature is very lo\y ;j<Sec. 4A; App. A, no. 



.;3B;Fig. 3.2) 



layer in the Earth's , atniosphere from ,15 to 



3>^;Fig:3.l) 
50 kilometers 



temperature gradient the change of temperature per centimeter along a 

cartridge or a sajnple inside it. (Sec. 6B; Fig. 6.2) ' 
tlirust the forward force provided by a reaction motor. (Sees. 2A to 2C, 6D; 

Fig-2.2);-: . ' ,/ ^ 

, ultraviolet invisible light of wavelengths shorter than violet light. (Sees. 3, 
■^-^ 4A;Tabl^,3.1)' _ '/■ . ' V ■ ' 

Van AHen l*4?li4 a dcughtnut-shaped region around the Earth from about 320 to 

32 400 kilometers (200 to 20 000 miles) above the magnetic equator, 

where high-speed protons and electrons oscillate north-south in the Earth's 

magnetic field. (Sees. 5, 5A) ^t^-.- 
weightlessness the condition in orbit or free fall when objects irva spacecraft 

need no support. See zero-g. (Sees. 2D, 5) N:^ 
wetting the spread of a liquid over a soljd surface when adhesive forceps 

larger than cohesive force. (Sees. 6, 6A, 6E; App. A, no. 20) 
wick a group or braid of thin fibers which ''sucks up" a liquid if the adhesive 

force between the fiber and the liquicf is greater than the liquid's cohesive ' 

force. (Sees. 6A, 6E; App. A, no. 21; Table 3.1) 
x-rays electromagnetic radiation of very short wavelength and high photon 
• energy. (Sees. 3, 3B, 3D, 5; App. A, no. 5; Fig; 3,2; Table 3.1) 
' Z atomic number, or the number of electrons in an atom. Cosmic rays are 

qtoms with all electrons removed; that is, ions of charge 2. 
zeru-g the condition in an orbiting spacecraft where there arc noforces to keep 

objects in place; the condition of free fajl or weightlessness. (Sees. 2D, 5, 

5C, 6 to 6E; App. A, nos. 4, 19, 20, 22; Figs. 6.3, 6.7; Table 3.1) 
zodiacal light a faint band of light, around the sky along the ecliptic. It is 

sunlight reflected by small chunks of rock in orbit around the Sun farther 

out than the Earth. (Sec. 3C; Fig. 3.4) 
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Further Reading 

ABCs of Space by Isaac Asimov, Walker and Co. (New York), 1969— an 
' illustrated glossary of spaceflight terms. 

Apollo Expeditions to the Moon\ Edgar Cortright, ed. , NASA SP-350 (Avail- 
able from the U.S. Government Printing Office, Washington, DX. 
20402), 1976— well-illustrated descriptions of the Saturn boosters, the 
Apollo spacecraft, mission control, and astronaut training. 
Astronauts and Cosmonauts: Biographical and Statistical Data (Available 
:. from the U.S. Government Printing Office, Washington. D.C. 20402), 

1976 — describes the men who have gone oij^ space missions. 
Astronomy Made Simple, by Meir H. Degani, Doubleday & Co.^Inc. (New 

York); 1963 — an easy-to-read description of astronomical objects. 
Asl/t'onomyOne by J. Allen Hynek and NeciaH. Apfel, \V. A. Benjamin, Tnc. 
. (Menlo Park, Calif.), 1972— a pleasanf introduction to the arx:hitecture of 
the universe; for the serious student. 
Atoms and Astronomy by Paul Blanchard (Available from the U.S. Govern- 
ment' Printing Office, Washington, D.C. 20402), 1976— atomic spectra 
explained in simple terms and used to explain the spectra of stars. . 
The Birth and Death of the Sun by George Ganriow, V'king Press, Inc. (New 
York), 1 952— an explanation in simple tenrs of how stars shine and where 
they come from, by the master of science writing,.- 
Continental Drift:^ The Evolution of a Concept by Ursula B. Marvin, Smith- 
sonian Iristitutioii Press (Washington, p.C\), 1973— a clear .^'nd easily 
understood account of this newest branch of geology. 
Extragalactic Astronomy: The Universe Beyond Our Galaxy by Kenneth 
''Charles Jacobs (Available from the U.S. Government Printing Office, 
Washington, D.C. 20402), 1976— includes a simph description of our 
own Milky Way Galaxy and discussions of other galaxies, Doppler shift, 
radio galaxies, quasars, and cosmology. * 
Ideas From Astronomy by Lou Williams Page, Addison- Wesley Publishing 
Co. (Menlo Park, Calif.), 1973— written especially for Junior high school 
. students. (A Teachers' Guide by Nicholas Rosa and Alexander Joseph is 
* also available.) * 
Learning About Space, British Department of Education iand Science, 

1970_excellent explanations of spaceflight. 
Living in Space (Available from the U.S. Government Printing Office, 
Washington, D.C. 20402), 1976— an easily understood account of 
astronaut living conditions. ' 
Matter, Earth, and Sky by George Gampw, Prentice-Hall, Inc. (New York), 
1965 — a well-illustrated survey of matter and radiation in space. 
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Modem Earth' Science by. W, Ramsey & Bucckley, Holt, Rinehart and 

. Winston (New York), 1973 — contains well-illustrated chapters on 
astronomy and space travel. 

New Frontiers in Astronomy (Readings from Scientific American ^^\ih an 
introductipn by Owen Gingerich), W. H, Freeman & Co., Inc. (San 
Francisco), 1975 — contains articles on x-ray stars and searches for Black 
Holes. ' . _ ■ ; , ^ 

Physical Science, A Modern Approach by Charles L, Bickel, Na. ■ ' ^^gen- 
feld, and John C. Hogg, American Book Co. , 1 97(y— contains aii- ellent 
chapter on rockets, g-forces, and weightlessness. 

Rendezvous in Space: Apolio-Soyuz by F. Dennis Williams (Available ' 
out charge from NASA Educationalijrograms Division/FE, Washini^oa, 
D.C. 20546), 1975— a popular account of the Apollo-iSdyuz Test Proj'jbc. 
including the U.S. -U.S. S.R. agreements. 

Science From Your Airplane vVindow.hy Elizabeth A.. Wood, Dover Pub^i;:}; 
tions (New York), 1975— discusses locating and observing "geolc^ic 
features from the air. 

The Supernova: A Stellar Spe.ctacle by W. C- Straka (Available from the U.S. 
Government Printing Office, Washington, D.C. 20^02), 1976-^a weli- 
ilUistrated and dramatic account of how some stars blow up, leaving a halo 
of gaseous remnants in the space around them. -c — 



